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NOTATION

A0  Coefficient for loading due to angle of attack in Equation [I]

A, Area of a lifting surface

A2 Area of the helical surface behind the trailing edge of a
lifting surface extended to infinity

A3 Area between a superimposed lifting line and the trailing edge

A Coefficients for loading due to sine series in Equation [I]n

a Fraction of the chord from leading edge over which loading is
uniform

an  Coefficients as defined in Equation [17] of Reference 2

bn  Coefficients as defined in Equation [211 of Reference 2

C Coefficients as defined in Equation [I]

CL Section lift coefficient

C Ordinate of mean line

D Diameter of propeller

r Length vector of an elementary bound vortex line on a lifting

surface; jr/Idrl is a unit vector tangent to the bound vortex
line

Ts Length vector of an elementary free vortex line; T/ Ird.0I is a
unit vector tangent to the free vortex line

i s Advance coefficient based on ship velocity

kba kbt Kernel functions, Equations [VIa] and [VIb]

kfa kft Kernel functions, Equations [VIc] and [VId]

L Chordwise coordinate of any point with respect to reference line

L'L Chordwise coordinate of leading edge

Lt  Chordwise coordinate of trailing edge

LT  Chord length

n Revolutions per unit time

P Point on lifting surface at which mean line is sought
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OTMWOM - -77- -7._ -

p Pith-Ciameter ratio

RDistance vector between two points

r Radial coordinate

rh 11Radial .iordinate of hub

r Radial coc.rdinate of point P

Ua, ut  Nondinensional axial and tangential components, respectively,
of induced velocity from lifting-line calculation based on ship
velocity

V Nondimensional inflow velocity based on ship speed

V B Induced velocity vector at point P due to radial bound
circulation

Vba , Vbt Axial and tangential components of VB

VF induced velocity vector at point P due to free circulation

Vfa , Vft Axial and tangential components of VF

VL  Velocity vector at a lifting line induced by trailing free
vortex sheets

VP Total induced velocity vector at point P

VPL Total induced velocity vector at point P relative to VL

Vs  Ship velocity

V Nondimensional local longitudinal velocity based on ship
x velocity

V Nondimensional induced velocity

Va, Vt Nondimensional axial and tangential components, respectively, of
induced velocity v based on ship velocity

v Nondimensional induced downwash at point P normal to helical
chord line based on ship velocity

Vba, Vbt Axial and tangential components of VB within a strip between

r1 and r2

Vfa , vft Axial and tangential components of VF within a strip between

r1 and r2

x, y, z Cartesian coordinates

x Chordwise coordinate

w Local wake fraction
x
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y Radial coordinate as defined in Equation [17]

Z Number of propeller blades

a i Ideal angle of attack

Advance angle

Hydrodynamic pitch angle

r Nondimensional circulation = circulation /rDVs

P(r) Nondimensional bound circulation distribution along a lifting
line

r c(r) Nondimensional free circulation distribution on free vortex
sheet trailing a lifting line or a lifting surface

Ff(r,B) Nondimensional free circulation distribution

r(r,o) Nondimensional bound circulation distribution on a lifting
surface

fe(r,e) Nondimensional free circulation distribution on a lifting
surface

Cpr)
Y Circulation per unit angle T

60  Half width of a strip between rI and r2

e Angular coordinate = L cos /r

Angular coordinate of leading edge

o0 Angular coordinate of point P

0 Angular coordinate of trailing edget

0T  Total chord length in terms of angular coordinate

* 0
0

# e -e0
€, o2- O0

* # + 2ir(m - l)/Z

Chordwise coordinate # = cos - [1-2(0t - 8)/eT ]

vii



ABSTRACT

A propeller camber calculation method using Pien's scheme
based on lifting--surface theory for any arbitrary, not neces-
sarily uniform, chordwise load distribution is reported. The
pertinent mathematical formulations and the relevant numerical
computations are presented. Included also are the results of
some sample calculations. The instructions for preparation
of computer input data and the FORTRAN listing of the computer
program are included in the Appendixes.

ADMINISTRATIVE INFORMATION

This work was covered by Subproject S-ROll 01 01 of Task 0401 under

the Bureau of Ships In-House Independent Research Program.

INTRODUCTION

A propeller camber calculation method based on lifting-surface

theory using Piens scheme1 was reported recently in Reference 2. In that

reference, the problem was limited to the case where the chordwise load

distribution is uniform. In the present report, the scope is enlarged to

include the problem of nonuniform chordwise distribution. This report is

essentially an extension of the previous report, and presents only the

revised portions of the formulations necessitated from this extension.

For the basic formulations and numerical computations, the reader is

referred to Reference 2.

The chordwise load distribution is assumed to be in the form of a

combination of three parts: a constant, which represents a uniform load-

ing; an angle of attack term, which represents a flat plate; and a sine

series with a finite number of terms, which represents any arbitrary modes

of loading. The coefficients of these terms are adjustable so that a

desired distribution may be adequately approximated. This affords a con-

siderable degree of freedom in handling cases of various load distri-

butions. This flexibility makes it possible to use the computer program

in the design of supercavitating propellers. Provisions are also included

IReferences are listed on page 49.



in the computer program to facilitate the calculation for load distri-

butions corresponding to the coimmonly used NACA Sections; i.e., the chord-

wise loading is partially uniform from the leading edge to a point on the

chord, and decreases linearly from that point on to zero at the trailing

edge.

This report also includes the results of some sample calculations

to compare the camber distribution for various shapes of chordwise loading

and to demonstrate the usage of the computing program. Instructions for

the preparation of input data and the FORTRAN listing of the computer pro-

gram are given in Appendixes A and B, respectively.

MATHEMATICAL FORMULATION

The basic expressions for the induced velocity components, Equa-

tions [11 ],' and [12], were developed in Reference 2. They were derived

without any restrictions as to the type of chordwise loading. From these

equations, a set of working formulas, Equations [16] and [19], was derived

for the special case of uniform chordwise loading. For the present prob-

lem, because the load distribution along the chord is not necessarily

uniform, a set of working equations corresponding to Equations [16] and

[19] has been developed as follows.

The coordinate systems are those shown in Figures 1 and 2.

LOAD DISTRIBUTION

Let us assume that the bound circulation distrioution fr(r, e) at

any point (r, e) on the blade may be represented by the following equa-

tion: in

r = ( (r) 1 ° (r) + A (r) cot Z A (r) sin [I
r (ro 2 n=n nj

Roman numerals denote equation numbers in this report to distinguish
from Arabic numerals used in Reference 2.
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where v(r) = r(r)/ oT(r); C0, A0, and An are constant coefficients and,
in general, are functions of r; and T is a new chordwise coordinate and is

defined as shown in Figure 3:

Co W e (r) [I

The first term of Equation [I] represents a constant load distribution;

the second, the contribution due to angle of attack; the third, some

arbitrary distribution in the form of a sine series with amplitude
functions A . The first three coefficients must have a relationship of

C0(r) + ' (r) + 1 A(r 1

so that G (r)

f I r (.,) de 
r(r)

St(r)

is satisfied. Equation [I] can be reduced to the uniform load distri-

bution case with a constant density of y(r) if A =0 (n =0, 1, 2, ... m)n

and O = 1.

The expression for the free circulation on the lifting surface

Fe(r, e) was derived in Reference 2 as:

(r)
(r I'(r8) d dr[II

re(r, e) = - e)LdrFrIr'
e

With 1r (r, e) from Equation (I] substituted and with an appropriate change
of variable, the integration and differentiation may be carried out in a

straightforward manner. The resulting expression is

r6(r, - (Co(r) rr) (1 - cos 4) + o(r) r(r) 4sin

+ (A (r) rt,,) ( + sin ) + Ao,(r) F(r) 4'(1 + Cos 4)

+ , m [ (A(r) r(r)) (sin(n-3.)4' sin(n+1))

3n-1 n-

3



+ A(r) F(r) l(cos (n-l)* - cos (n+l)*)]} dr [IlIa]

where prime denotes differentiation with respect to r and

'=[2 Z (r) - eT(r) (I - cos V)] / (@T(r) sin ) [Ma]

The free circulation in the slipstream F (r) has, of course, theC

following form: 8,(r)

(r)= dI r (r,O)de]dr
c dr - r r

d '(r) dr [IV]
dr

INDUCED VELOCITIES

The equations for the induced velocity components were developed

in Equation [16], of Reference 2. They are

Vba (ro'eo) - r(r,) kba (roor,#) d dr [Va]

Vbt (r4 o TT ff Arr,)k b

t(r J r(r,) kbt (ro, 0o,r,o) d dr [Vb]

Vfa (r0,e0 ) 1Ij Fre(r,') + F1 r) dr] kfa (r , 0 ,r,#) dO [Vc]

Vft (r 0,)= ij [re(r.0) + rtr) dr] kft (ro,Oo,r,#) d* [Vd]

where the Frr) term equals zero for# > 0,

ba (ro, G,r,o) = - r sin * / R3  [Via]

kbt (r0,e0,rJ) = o[p(r) cos * + p'(r) (r0 - r cos#)] / Tr R3  [VIb]

kfa (ro,0 eo r,) = r(r - r0 coso) / R3  [VIc]
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kft (r 0 0 ,r,$) = p(r) (r0 - r cos $- r#sin#) / IT R3  VId]

R r 2 r r cos#+ r2 
+ (#p(r)/\)2] 1/ 2

L0 0

where p(r) is hydrodynamic pitch-diameter ratio, and

* () = - = (r) (r l [(r) (1 - cos 4)

T(r) T(ro) ( - cos *o)]
d=- sin 4 d*

With the bound circulation functions of Equation [I] substituted in-

to Equations (Va] and [Vb], the free circulation functions of Equations

[III] substituted into Equations [Vc] and [Vd], and appropriate change of

variable from # to 4, the integrals may be evaluated. Equations [Va]

through [Vd] thus evaluated correspond to Equations [16a] through [16d]

for the special case of uniform distribution given in Reference 2.

The foregoing discussion constitutes the only change in the formu-

lation involved in extending the problem from the special case of uniform

chordwise load distribution to a general case of arbitrary distribution.

NUMERICAL COMPUTATIONS

Since the problem discussed here is essentially an extension of the

problem dealt with in Reference 2, the numerical computations are basic-

ally identical except that the evaluations of the bound and free circu-

lation functions fr(re) and F8 (r,e) have necessarily been modified as

indicated in the previous section.

The revised new computer program for the case of arbitrary chord-

wise load distribution is designated as Applied Mathematics Laboratory

Problem XPLA, which is a modification of the program developed for the

case of uniform chordwise loading, XPLU. For incorporation of the necessary

changes in the computations and for convenience, the program has been

broken up into several subroutines. The FORTRAN listing of the program is

given in Appendix B.

5



Let us now exant3ne the assumed load distribution r (r,e) of
rEquation [I]. It is an expression of linear combinations of three parts:

a constant, an angle of attack, and a sine series. The coefficients C0,
AO, and A are determined such that the load distribution can be representedn
adequately. In the determination of these coefficients, the circulation
distribution r (r,e) at a number of radii is chosen to meet a specific

design situation. Due to the considerations of computer storage capacity

and of required computing time, the number of m terms of the sine series
has to be limited; accordingly, for the present program, m is limited to

5. Although this is considered to be adequate for most cases having smooth

distribution curves, it is not an accurate approximation for curves with
abrupt load changes; e.g., the commonly used NACA a = 0.8 mean line. For

load distributions of this type, the constant loading term in Equation [I]
is modified such that it has two parts: the uniform loading portion from

the loading edge to the point x/LT = a on the chord and the linearly de-

creasing load portion from this point to the trailing edge. The load

distributions for a < 1 are written as follows:

for 0 g a cos - (- 2a),

F r(r',) 2 ).0 [VIa

and for -< -T
a

r(r,*) = 1 + cos 2 .1 -a ).Pr~r,) = 1- a2 [VIIb]

where ()1.0= y(r) denotes the load density corresponding to a = 1.0 mean

line. Equations [VIIa] and [VIIb] are used in Equations [Va] and [Vb] for

the evaluation of the induced velocities due to the bound system.

An expression is then derived for the free circulation density on
the lifting surface by substituting the above load distribution in

Equation [III]. After carrying out the integration and differentiation,

we finally obtain for 0 < 4 < 4a

re(r,e) + a r(r) (1 - cos *) + r(r)4' sin 4]dr, EVIIIa]

and for TT r<

6



r 2a (Cos r[cos *a + Isin2 sn 2

e1 + a 2(1- a) 2-CSa 2 a 2

f~r) / )
+ 2 sin (1 + cos )dr [VIIIb]

2(1-a)

These two equations are used in Equations [Vc] and [Vd] for evaluation of
the induced velocities due to the free system.

RESULTS OF SAMPLE CALCULATIONS

A number of representative sample cases have been computed using
the new computer program XPLA. The results of these cases are reported

to demonstrate the effect of chordwise loading on blade geometry.

LOAD DISTRIBUTION CORRESPONDING TO VARIOUS NACA
MEAN LINES

The first case is for a propeller having a rectangular expanded

outline with an aspect ratio of 10. It has zero hydrodynamic pitch and a

uniform bound circulation distribution along the radius. Physcially, this

fictitious propeller resembles a two-dimensional wing, although the motion

involved here is rotational rather than linear translational. The purpose

of this calculation is to determine the mean line shapes induced by the

uniform radial bound circulation but with various chordwise load distri-

butions corresponding to NACA a = 1.0, 0.8, 0.6, 0.4, and 0.2. A compari-

son is made with those of the NACA two-dimensional airfoils. The calcu-

lated camber distributions at r/R = 0.7 for the various loadings are shown

in Figure 4. For comparison, the corresponding two-dimensional distri-

butions as given in Reference 3 are also plotted.

The second set of calculations was made for a five-bladed propeller

with symmetrical blades. The blade outline, pitch distribution, and

radial bound circulation distribution are the same as those of Propeller

3916A of Reference 2 except that the chordwise loading has been arbitrarily

changed from a = 1.0 to a= 0.8, a = 0.6, a = 0.4, and a = 0.2. The

propellers for these cases are designated as 3916D, 3916E, 3916F, and

3916G, respectively. The results are shown in Tables 1 through 4. For

7



comparison, the chordwise distributions of the camber for these propellers

at r/R = 0.7 are plotted in Figure 5. Similarly, another set of calcu-

lations was made for a propeller with skewed blades, which is the same as

Propeller 3917A of Reference 2 except for the chordwise loading. The

propeller designations for these cases are 3917D, 3917E, 3917F, and 3917G.

The calculated camber ratio distributions are shown in Table 5. Figures

6, 7, and 8 show the relative camber distribution of the various cases at

various radii for the various lift coefficients shown in terms of the

maximum camber of a = 1.0. The curves are plotted with the nose-tail line

as reference. The ideal angle of attack shown is the one between the

helical chord line and the nose-tail reference line. Also shown on these

figures are the two-dimensional results. The ideal angle of attack for

the symnetrical and skewed propeller blades at various radii for various

a values is shown in Figure 9 and is compared with the two-dimensional

data corrected to the same lift coefficients in Table 6.

From these comparisons, note that the calculated camber lines at the

middle portion of the fictitious narrow rectangular blades are fairly

close to the two-dimensional data. For blades of usual propeller shape,

however, taking into account the blade shape and the free circulation, the

calculated camber lines are somewhat different from those of the two-

dimensional cases; these differences are even greater at regions nearing

the hub and tip. Figures 6, 7, 8, and 9, and Tables 1 through 5 show

that the effect of skew is considerable.

ANGLE OF ATTACK

Calculations have also been made for the abovementioned fictitious

narrow rectangular blade of aspect ratio 10 with chordwise load distri-

bution similar to that due to an angle of attack. The calculated results

are given in Figure 10. Again, the curves show fairly good agreement with

the two-dimensional flat plate. However, the same cannot be said for a

blade of usual propeller shape, as is evident from the set of curves shown

on the figure representing Propeller 3916J. This propeller is the same as

Propeller 3916A in all respects except that the chordwise loading has been

arbitrarily changed from uniform to that corresponding to an angle of

attack. The calculated results are shown in Table 7. The difference

8



between this three-dimensional case and the two-dimensional flat plate

case is appreciable and represents the three-dimensionality effect of this

partidular propeller blade.

SINUSOIDAL DISTRIBUTION

Another sample calculation is for Propeller 3916K which is similar

to Propeller 3916A except its chordwise loading is sinusoidal, the first

term.of the sine series. The results of this calculation are shown in

Table 8. Figilre 11 compares the induced velocities and the camber distri-

butions of this propeller and Propeller 3916A, which has a uniform chord-

wise loading.

SUPERCAVITATING PROPELLERS

An inspection of the assumed form of the chordwise circulation

function of Equation [I] indicates that the loading over the blade can be

arbitrarily assigned by adjusting the number of terms and the values of

the various coefficients. This flexibility makes it possible to use the

computer program in the design calculation of supercavitating propellers.

In the two-dimensional analysis, there are a few well-known load distri-

butions which give low drag supercavitating hydrofoils at zero cavitation

number. These are the so-called Tulin-Burkhard 2-term, and the Johnson

3- and 5-term foils where theoretical characteristics have been estab-

lished. 4 Calculations for propellers having chordwise loading similar to

these foils were made using the new computer program. The outline of the

blade has been assumed to be rectangular with an aspect ratio of 10 and

zero hydrodynamic pitch and a constant bound circulation distribution

along the radius to simulate as closely as possible the two-dimensional

case. The calculated camber ratios are shown in Tables 9, 10, and 11.

The comparative values of the "camber ratio to design life coefficient

ratios" at r/R = 0.3, 0.6, and 0.9, are plotted in Figure 12. For com-

parison, the two-dimensional data of Reference 4 are also shown in this

figure. The agreement between results if the approximate two-dimensional

rectangular blade and those of the true two-dimensional is considered

quite good, even though there is discrepancy in the regions nearing the hub

and tip, r/R = 0.3 and r/R = 0.9, which could well be expected.

9



DISCUSSION

The preceding sample calculations vwere presented to provide a

clearer picture of the effect of chordwise loading on the mean line dis-

tribution.

The following discussion concerns the results of these limited

sample calculations:

In general, the effect of chordwise load distribution on blade

geometry is not negligible.

For chordwise loading corresponding to NACA a < 1.0 mean lines, the

calculated camber distribution and angle of attack are different from

those based on the two-dimensional cases, even though the relative effect

on the mean line distributions in the middle portion of the blade are not

too much different from those of two-dimensional cases.

Skew of the blade materially affects the mean line distribution as

well as the angle of attack.

The program as developed may be used for calculations of propellers

with various chordwise load distributions and may also be used for the

design of supercavitating foils not taking into account the cavity thick-

ness effect.

CONCLUDING REWARKS

A method for correcting the propeller blade geometry for! the three-

dimensionality of the flow has been given for the case of arbitrary chord-

wise load distribution. This report and TMB Report 18022 complete the

discussions ,n the numerical computational procedure for the hydrodynamic

aspect of propeller design based on lifting-surface theory using Pien's

scheme.

Both Reference 2 and this present report have shown that three-dimen-

sionality has considerable effect on blade geometry. Many contributing

factors, such as number of blades, blade outline, pitch distribution,

radial load distribution, and chordwise load distribution, come into play.

The contributions of each of these parameters may vary depending on the

nature of the problem or on the combinations of these parameters. It

appears that, when practicable, each problem should be treated individually.

10



It is hoped that the computer program as developed can serve as a useful

tool to provide propeller designers with a method for obtaining the blade

geometry for certain prescribed chordwise load distributions. This

program may also be used in the design calculations of supercavitating

blades. Experimental verification of this design method has been contem-

plated and test results of propeller models designed using this method will

be reported when available.

Since computers may not always be accessible to propeller designers,

it may be advisable to devise some correction factors, taking into account

three-dimensionality using two-dimensional data as a basis for a limited

number of cases. This work will be deferred until a satisfactory program

is developed for the inverse problem of predicting performance for a given

propeller in steady flow. At that time the effect on pressure distribution

due to variations in blade geometry can be calculated. If pressure dis-

tribution is not too sensitive to the changes of camber distributions,

then the use of such correction factors would be justified, otherwise

their use would lead to unsatisfactory pressure distributions.

It should be noted that the thickness effect has not been included.

As brought out in Reference 2, recent work by Kerwin and Leopold may be

incorporated to take account of the thickness effect.

The work on the inverse problems of predicing performance for a

given propeller design in steady and unsteady flows is underway; results

will be reported soon.

11
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TABLE 1

Calculated Induced Velocities and Camber Distributions for
Propeller 3916D, a = 0.8

CAMNIR 0ISTRII4TIE4 PRAPELLER 39160 A-O.8 XPLA(I-12-641

INPUT DATA
IS Card I (sea Appendix A for explanatlio)

0.00500 0.10000 2.00000150.00000 Crd 2
0.00500000.0000 .01600 0.02400 0.03510 0.05000 0.000 0.09600 0.12900 Card 3

0.17000 0.22000 0.28000 0.35200 0.4000 0.55200 0.0900 0.94500 1.00000
£ 9 1 9 0 0 0 8C Crd 5

0.01986 0.10166 0.23?2% 0.%0628 0.59172 0.16276 0.69834 0.9801% Card 6
0.0100 0.000 0.20000 0.35000 0.50000 0.65000 0.80000 0.90000 0.99000 Card 7
0.20000 0.30000 0.10 0.5000 0.60000 0.70000 0.80000 0.90000 1.00000 Card 8 r
0.154 0 b.1S600 0o21500 0.2100 0.23200 0.21750 0.10500 0.13400 0.02000 Lj(r)/D
0.30600 0.37200 0.%3000 0.46200 0.16400 0.13500 0.3T000 0.26800 0.01000 Lt(r)/D
1.64210 1.22835 0.90766 0.70429 0.56622 0.46392 0.38698 0.32722 0.27960 tan 01(r)
0. 0.01695 0.02214 0.02371 0.02230 0.01883 0.01414 0.00856 0. r(r)
0.25000 0.30000 0.40000 0.50000 0.60000 0.70000 0.80000 0.90000 0.95000 ro
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Va(ro)
0.14500 0.16902 0.20561 0.22173 0.20765 0.17661 0.3581 0.08937 0.06500 Ua(ro)
0.16010 0.16676 0.16039 0.13701 0.10517 0.07483 0.0489 0.02767 0.01770 ut(r
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Card 8A Co()
0. -0. -0. -0. -0. -0. -0. -0. -0. Ao(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. G1 (r)
0. -0. -0. -0. -0. -0. -0. -0. -0. AI(r)
0. -0. -0. 0. -0. -0. -0. -0. -0. A2 (r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A3 (r)0. -0. -0. -0. -0. -0. -0. -0. -0. Ar.(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A5(r)

I I.6A000 0.82600 8.00000 1.00000 1.00000 0. Card 9

2UTPUT DATA

AXIAL INDUCED VELICITY CIMPINENT

AX/RI 0.2500 0.3000 0.1000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
X/LT
0.0199 0.041. 0.0695 0.11214 0.1328 0.1%02 0.1381 0.101 0.1202 0.1040
0.1017 0.0277 0.0558 0.0659 0.0781 0.0813 0.0717 0.0740 0.0681 0.0629
0.2372 0.0145 0.0301 0.03314 0.0393 0.0410 0.01M R 0.0373 0.0339 0.0292
0.1083 0.0026 0.0051 0.00141 0.0048 0.0056 0.ot) 0.0069 0.0071 0.0077
0.5911 -0.009 -0.0206 -0.0253 -0.0297 -0.0297 -0.0262 -0.0224 -0.0167 -0.0101
0.7628 -0.0242 -0.0501 -0.0613 -0.0719 -0.0726 -0.0666 -0.0597 -0.0499 -0.0388
0.8983 -0.0396 -0.0790 -0.1020 -0.1200 -0.1220 -0.1135 -0.1024 -0.0871 -0.0706
0.9101 -0.0368 -0.0790 -0.1034 -0.1224 -0.1234 -0.1128 -0.0993 -0.0799 -0.0607

TANGENTIAL INDUCED VELOCITY CIMPINENT

RX/Ri 0.2500 0.3000 0.%000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
XlLT

0.0199 -0.U808 -0.1169 -0.1043 -0.0930 -0.077 -0.0623 -0.0528 -0.0387 -0.0309
0.1017 -0.0506 -0.0746 -0.0626 -0.0554 -0.051 -0.0352 -0.0279 -0.0219 -0.0187
0.2372 -0.0277 -0.0411 -0.0326 -0.0285 -0.0233 -0.0178 -0:0142 -0.0111 -0.0089
0.4083 -0.0055 -0.0073 -0.005 -0.0039 -0.0034 -0.0030 -0.0028 -0.0026 -0.0026
0.5917 0.0175 0.0278 0.0241 0.0212 0.0166 0.0118 0.0082 0.0051 0.0026

0.7628 0.019%2 0.06?1 0.0581 0.0511 0.0406 0.0300 0.0221 0.0156 0.0110
0,9893 0.0693 0.1045 0.0946 0.0836 0.0671 0.050S 0.0378 0.02T 0.0203
0.901 0.0&OA6 0.1028 0.0949 0.00%5 0.0670 0.Ok95 0.0361 0.0247 0.0171

INDUCED O6WNWASH DUE TI'FIRST BLADE BNLY

AX/Al 0.2500 0.3000 0.1000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500

X/LT
0.0199 0.0933 0.1172 0.1533 0.1622 0.1603 0.1515 0.1497 0.1263 0.1085
0.1017 0.05714 0.0931 0.0909 0.0957 0.0932 0.0853 0.0791 0.0716 0.0656

0.237Z 0.0311 0.0508 0.066 0.0186 0.01.72 0.026 0.0399 0.0357 0.0305
0.14083 0.0060 0.0089 0.0061 0.0061 0.0065 0.0067 0.0074 0.0076 0.0081
0.5917 -0.0198 -0.0346 -0.0350 -0.0365 -0.0340 -0.0288 -0.0238 -0.017 -0.010%

0.7628 -0.0502 -0.0837 -0.084 -0.0882 -0.0831. -0.0730 -0.0637 -0.0523 -0.0403
0.8983 -0.0796 -0.131% -0.1392 -0.14611 -0.1393 -0.1242 -0.1091 -0.0913 -0.035
0.901 -0.0142 -0.1296 -0.1403 -0.1%87 -0.1k0% -0.1232 -0.1056 -0.0836 -0.0630

RX/RI 0.2500 0.3000 0.14000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
P/D 1.1560 1.1577 1.1406 1.1063 1.0673 1.0202 0.9726 0.9252 0.8976
L.E. 1.3607 1.1880 1.7200 1.8680 1.8560 I.F%00 1.B0 1.0720 0.71.72

CHARD 2.7213 2.9760 3.1400 3.6960 3.7120 3.4800 2.9600 2.1440 1.%943

CAMBER OISTRIBUTIIIN
X/LT
0.0100 0.0020 0.0032 0.0032 0.0031 0.0027 0.0021 0.0016 0.0009 0.0005
0.1000 0.0154 0.02%5 0.0242 0.0233 0.0190 0.0152 0.0111 0.0062 0.0036

0.2000 0.024 0.0392 0.0377 0.0362 0.0307 0.0233 0.0168 0.0096 0.0056

0.3500 0.0319 0.0515 0.0%84 0.0464 0.0393 0.0297 0.0213 0.0122 0.0071
0.5000 0.0330 0.0529 0.01.91 0.0469 0.0399 0.0303 0.0220 0.0127 0.0075
0.6500 0.0278 0.01.39 0.0%02 0.0384 0.0330 0.0256 0.0190 0.0113 0.0070
0.8000 0.0153 0.0229 0.0198 0.0190 0.0172 0.0143 0.0116 0.0074 0.0051

0.9000 0.0016 0.0002 -0.0030 -0.0027 -0.0007 0.0012 0.0029 0.0027 0.0026
0.9900 -0.01211 -0.0234 -0.0275 -0.0263 -0.0201 -0.0129 -0.0063 -0.0022 0.0000

CAMBER RATN
X/LT
0.0100 0.0007 0.0011 0.0009 0.0008 0.0007 0.0006 0.0005 0.0004 0.0003
0.1000 0.0057 O.C082 0.0070 0.0063 0.0053 0.0044 0.0038 0.0029 0.002%
0.2000 0.0090 0.0132 0.0110 0.0098 0.0053 0.0067 0.0057 0.004S 0.00$8
0.3500 0.0117 0.0173 0.0141 0.0125 0.0106 0.0085 0.0072 0.0057 0.0048
0.5000 0.0121 0.0178 0.01%5 0.0121 0.0107 0.0087 0.001% 0.0059 0.00SO
0.6500 0.0102 0.01167 0.0117 0.0104 0.0089 0.0074 0.0061 0.0053 0.0014?
0.8000 0.0056 0.00?7 0.0057 0.0052 0.0016 0.0041 0.0039 0.0035 0.0031&

0.9000 0.0006 0.0001 -0.0009 -0.0007 -0.0002 0.0003 0.0010 0.0013 0.0017
0.9900 -0.001.5 -0.0079 -0.0080 -0.0071 -0.005. -0.0037 -0.,2l -0.0010 0.0000

NOTES: 1. Calculation based on one blade only

2. Calculated camber in Inches
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T AB8LE 2
Calculated Induced Velocities and Camber Distributions for

Propeller 3916E,, a =0.6
CAIIA DISTAIWSUIM PROPELLER 39140 A-0.4 XPLAtl-12-61

l1,PU1 DATA
26 Card I (#a 4.,andt A for .zpli~atic)
Soo50 0.10020005.00 Card 2

.!0500 0.010 0.01600 0~o.Do012600 0.03520 0.05000 0.07000 0.09600 0.12900 Card 30.17000 0.:2000 0.260000 0.3 5200 0:441000 0.55200 0.10900 0.94500 1.00000
6 0 60 Card

0.01986 0.10166 0.23724 0.ko002 0.59172 0.76216 0.8683% 0.98011, card 6
00000 0.1000 020000 0:35000 0.50000 0.65000 0.0000 0:90000000 Cd

0.20 000 0.30 000 0.60 000 0.50oo000 0.60000 0700 0.60000 0.90000 100000 Card 6 r
0.251,00 0.286O00:02;$00 0.23;00 0:23200 0.21750 0.10500 0.131,00 0.02000 L1(r)/D

0.000 0.3200 0.6000 0.6200 0.600 0.63500 0.37000 0.26800 0.0.000 Lt(r)I0
1.86210 1.2283 5 0. 907646 0 .7062 9 0 .56622 0.46392 0.38696 0.32722 0.27960 tan ft(r)
0. 0.016 95 0.022214 0.02311 0.02230 0.016433 0.011,1 0.00656 0. r(r)
0.25000 0.30000 0.1,0000 0.5C000 0.60000 0.70000 0.60000 0.90000 0.95000
1.00000 2.00000 2.00000 1.00000 1.00000 1.00000 2.00000 1.00000 1.00000 V( 0
0.14500 0. 16902 0.2U542 0.22173 0.20765 0.17661 Kim%81 0.06937 0.0650 uoro

1011010 0:.26676 026039 0. 23706 01017 0:01403 7:01:6:9 0:02767 0:.01770 u~
.000 1.0000 2.0000 1.000 0 1.0 0000 1 000 0 100000 10 2.00000 Card &A86 r

0. -0. -0. -0. -0. -0. -0). -0. -0. A2(T)

0. -0. -0. 0. -0. -0. -0 . -0. AI(r)
0. 0. 0. -0. -0. -0. -0. -0. 0. A4(r)

1 1.00000 0.82600 6.00000 1.00000 1.00000 0. Cord 9)

NUTPUT DATA

AXIAL INDUCED VILICITY CSMPANENT

RX/Re 0.2500 0.3000 0.11000 0.5000 0.6000 0.f000 0.6000 0.9000 0.950
X/LT

0.0199 0.0502 0.0932 0.163 0.1375 0.11,63 0.11,S~ 0.1508 0.1327 0.1170
0.1? 0.0263 0.0551 0.039 0.W757 0.0799 0 077r 0.0761 0.0726 0.91 02

0372 5.l~ 0.29 0.0269 0.036 0.3, 003, 006 0.0337 .02
0.98 000 0C3 -0.007, 10.06 -0.00714 -0,0 019 -0.0012 002h, 0.006a

0591,7 1-.0162 -0.0373 -0.01,80 -0.0559' -0.051 -O.ek*2 -0-et;3 -0.0305 -0.0161
0.7628 -0.0325 -0.0663 -0.081,8 .0'.0992 -0.0993 -0.0698 -0.0782 -0.0627 -0.01,50
0:6963 -004 -00141 -06% -0.1137 -0.1137 -0. 202? -0.0666 -0.0707 -0.0509

0.0 -00326 -0.072 -00 952 -0.2128 -'0.1122 -0.0998 -. 68 -. 67 -. 12

TANCONIAL INDUJCED VYM.ICIVV CaRqPsFENT

AX/As 0.2500 0.3000 0.1,000 0.5000 0.6000 0.7000 0.6000 0.9000 0.9500
X/Lt

0.0299 -0.0863 -0.1221 -0.1083 -0.0965 -0.0822 -0.0660 -0.0571 -0.01,26 -0.0352
0.202? -0.0520 -0.07,1 -0.0622 -0.051 -0.01,18 -0.035%, -0.0289 -0.0236 -0.0213

02372 -00256 -0.0360 -0.0270 -0.023k, -0.019? -0.0257 -00013k -0.0123 -0:00;
0,1083 -0.0020 0.0035 0.0060 0.0055 0.00 36 0.007 -?0.0002 -. 01 002

0.59, 7 0.0329 0.0502 0.01,52 0.0396 0.0307 0.0218 0.021,9 0.0091 0.001,5
0.7626 0.0500 0.0180 0.0791, 0.0697 0.051,5 0.0394 0.0265 0.0192 0.0123

$.583 0:008 0.0964 0.0689 0.0789 0.0629 0.01,50 0.0319 0.0215 0.0136
00556 0.0936 0.0570 0.0777 0.0606 0.01,33 0.0297 0.0157 0.0107

INDUCED GAWRWIAS14 DUE TI FIRST aLADE INLY

AS 0.2500 0.3000 0.4000 0.5000 0.6000 0.O00 0.4000 0.9000 0.9500
X/L

0.02199 0.0996 0.1535 0.2589 0.267? 0.1673 0.1601 0.1613 0.1385 0.222
0.2017 0.0509 0.0925 0.0885 0.0930 0.0916 0.0851, 0.0625 0.0761, 0.0731,
0.2372 0.0286 0.0%,13 0.0380 0.0393 0.0393 0.0369 0.0369 0.0355 0.0331,
0.1,063 -0.0023 -0.001,7 -0.0095 -0.0103 -0.0082 -0.0052 -0.0011 0.002? 0.001
0.5917 -0.0371, -0.0621, -0.0659 -0.0685 -0.0633 -0.0538 -0.039 -0.0318 -0.0186
0.7628 -0.0662 -0.1101 -0.1162 -0.1212 -0.113, -0.0902 -0.0632 -0.0655 -0.01,66
0.898 -0.0696 -0:.222 -0.22 -0.38, -0. 225 21 -09, -0.0739 -0:0521

09802 -0.0636 -0.18 -0.120 -0370 -0 .275 0.287 D0.68 -. 651, -0.01,26

AX/Al 0.2500 0.3000 0.%,000 0.5000 0..5000 0.7000 0.8000 0.9000 0.9500
P/D 1.2560 2.1577 1.21,06 1.1063 1.0613 1.0202 - 0.9726 0.9252 0.8976
L.E. 1.3607 1.1,880 1.1,200 1.61,80 2.8560 1.71,00 2.1,300 1.0720 0.71,72
(CHRAO 2.7213 2.9760 3.%4100 3.6960 3.7120 3.1.800 2.9600 2.21,1,0 .1491,3

CANBER 0OITA2UItok
Y/LT
0.0200 0.0022 0.0033 0.0031, 0.0033 0.0026 0.0022 0.0027 0.0009 0.0005
0.1000 0.0162 0.0252 0.021,6 0.0236 0.0203 0.0158 0.0228 0.0068 0.001
0.2000 0.0253 0.0391, 0.0373 0.0357 0.0306 0.0237 0.0175 0.0103 0.0063
0.3500 0.0316 0.01,92 0.041,5 0.01 0.0372 0.0283 0.0215 0.02 0.0079
0.5000 0.0301, 0.063 0.01410 0.0392 0.031 0.0270 0.0206 0.028 0.008
0.4500 0.0201, 0.0298 0.0235 0.0228 0.0211 0.0180 0.0252 0.0102 0.0073
0.6000 0.0026 0.0002 -0.0062 -0.0057 -0.0019 0.0026 0.001,9 C.0050 0.00%9
0.9000 -0.012 -0.0235 -0.0306 -0.0290 -0.0208 -0.0226 -0.0037 0.0005 0.0027
0.9900 -0.0228 -0.01,64 -0.0527 -0.0503 -0.0350 -0.021,0 -0.02 13 -0.0032 0.0020

CAPt~ AATII
9/LT
0.0200 0.0005 0.0012 0.0010 0.0009 0.0008 0.0004 0.0006 0.0001, 0.0001,
0.1000 0.060 0.0055 0.0072 0.0061, M.005 0.00%,5 0.00%,0 0.0032 0.0027
0:2000 0 0093 0 0132 0:005 0.0097 0:00682 0:0068 0:0059 0 4018 00120.0 0.02 0265 0.0321 0:022 0.2 0 06 .3 0:0060 0:005
0.5000 0.0112 0.0156 0.0129 0.0106 0.0092 0.0078 0.0070 0.0060 0.0055
0.6500 0.0075 C.0099 0.0069 0.0062 0.0057 0.3052 0.0052 0.001,8 0.0019

0.800 0:0010 0:0060 -0.002 -0.05 -0.0005 0.0005 0.0026 0.0023 0.0033
0.0: -006 007 00089 -0.0078 -0.0056 -0.003% -0.0013 0.0002 0.0018
0.9900 -0.0041, -0.0250 -0.0153 -0.0134 -0.0102 -0.0089 -0.003a -0.0015 0.0007

NCYTES: 1. Calcululon based on one blade only
2. Calculaed camber ia Imiche
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TABLE 3
Calculated Induced Velocities and Camber Distributions for

Propeller 3916F, a = 0.4
CANSA OISTRIIUTIOI PROELLER 3916F A-0.4 XPLAII-12-464)

INPUT DATA
28 Card I (see Appoolix A for explanation)

0.00500 0.10000 2.000001S0.00000 Card 2
0.00500 0.01000 0.02400 0.02 400 0.03510 0.05000 O.OTO00 0.09600 0.12900 Card 3
0.17000 0.22000 0.28000 0.35200 0,44000 0.S5200 0.70900 0.94500 1.00000

0 9 2 9 0 0 0 40 Card 5
0.01986 0.0166 0.23721 0.4028 0.59172 0.76216 0.69831 0.98011 Card 6
0.01000 0.20000 0.20000 0.3S000 0.50000 0.65000 0.:0000 0.90000 0.99000 Card 7
0.20000 0.30000 0kO00 0 00 0 0 0.70000 0.0000 0.90000 1.00000 Card a r
O.IS100 0.18800 0.21500 0.231 0.23200 0,21750 0.'8500 0:,13400 0.02000 Lj(r)/D
0.30000 0.3N2 00 %200 0 .662 00 0 .3500 0.37000 0.26800 0.04000 Lt(r)/D
.86210 2.22:35 0.90764 0.70429 0.56622 0.16392 0.38698 0.32722 0.21960 tan a(r)

0. 0.02495 0.02214 0.029'1 0.02230 0.01683 0.01414 0.00556 0. r(r)
0.25000 0.30000 0. 0000 O.50O0 0.60000 0.70000 0.80000 0.90000 0.95000 ro
1.00000 1.00000 1.00000 1.00000 I.00000 1.00C80 1.00000 1.00000 1.00000 V.(ro)
0.14600 0.16902 0.208"1 0.22173 0.20765 0.17861 0.1356' 0.08937 0.06500 u.(ro)
0. 8010 0.16678 0.16039 0.13704 0.1057 0.07403 0.01889 0.02767 0.02770 ut(r )
1.00000 0000 0 1 0 .00000 2.00000 1.0000 .00000 1.00000 1.00000 Card 8A Co(r)

0. -0. -0. -0. -0. -0. -0. -0. -0. A(r)
0. -0. -0. -0.0 . . -0. -0. -0. -0. C1 (r)

0. -0. --0. 0. -0. -0. -0. -0. -0. A(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A$(r)

0. -0. -0. -0. -0. -0. -0. -0. -0. A4(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A.(r)

1 1.00000 0.82400 8.00000 1.00000 1.00000 0. Card 9

8U15U DATA

AXIAL INDUCED VILiCtTY CINPINENT

8X/Rl 0.2500 0.3000 0.000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
X/LT
0.0299 0.0S39 0.0974 0.1211 0.1431 0.1536 0.25514 0.1639 0.1145? 0.132S
0.1017 0.0286 0.0539 0.0610 0.0721 0.07?is 0.0771 0.0780 0.0773 0.078b
0.2372 0.0209 0.0198 0.0175 0.0205 0.0237 0.0252 0.0290 0.0315 0.0333
0.11083 -0.009S -0.0193 -0.029 -0.03142 -0.023 -0.0270 -0.0193 -0.0107 -0.0004
0.5917 -0.02S0 -0.0506 -0.0661 -0.0771 -0.0760 -0.0672 -0.0557 -0.0%06 -0.0229
0.7428 -0.03;3 -0.0463 -0.0856 -0.1006 -0.0999 -0.090 -0.0754 -0.0579 -0.0379
0.8983 -0.0329 -0.0712 -0.0933 -0.!102 -0.1093 -0.0913 -0.081? -0.0624 -0.009
0.9001 -0.0296 -0.0696 -0.0920 -0.1090 -0.1077 -0.0945 -0.0773 -0.0552 -0.0524

TANGENTIAL INDUCOED VELOCITY CfMPSNENT

RX/RI 0.2500 0.3000 0.1000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9S00
X/LT

0.0199 -0.0928 -0.2283 -0.1;31 -0.2007 -0.0855 -0.0706 -0.0625 -0.01$75 -0.0402
0.1027 -0.053 -0.0733 -0.0589 -0.0S9 -0.038 -0.0355 -. 03)0 -0.0256 -0.0242
0.2372 -0.0225 -0.0281 -0.0188 -0.0159 -0.01.3 -0.0123 -0.0119 -0.0111 -0.0110
C.403 0.057 0.0249 0.026S 0.0253 0.0172 0.0113 0.0062 0.0021 -0.0012
0.5917 0.046 0.0675 0.0622 0.0S1. 0.019 0.0296 0.0200 0.0219 0.055
6.7628 0.05s9 0.0"77 0.0430 0.0104 0.0S:8 0.0392 0.0271 0.0173 0.0097
i.i9g3 O.OS62 0.0921 0.08S7 0.073 0.0591 0.0421b 0.0291 0.0186 0.0101
0.9101 0.01S6 0. 049% 0.0036 0.0750 0.0562 0.009 0.0272 0.0161 O.On o

INDUCED DWNiASH DUE TO FIRST &LADE INLY

AX/RI 0.2500 0.3000 0.1000 O.SOOO 0.6000 0.7000 0.8000 0.9000 0.9500
X/LT

0.0299 0.2071 0.1612 0.1657 0.1750 0.2758 0.1707 0.2751. 0.2532 0.1385
0.2017 0.0602 0.0909 0.084? 0.0889 0.0889 0.01.8 0.0836 0.0814 0.0820
0.2372 0.0239 0.03%3 0.0251 0.0260 0.0216 0.0280 0.0313 0.034 0.050
0.14083 -0.018k -0.0315 -0.0397 -0.0.1 -0.0366 -0.0292 -0.0202 -0.0209 -0.0002
0.59S7 -0.0520 -0.0813 -0.0909 -0.0943 -0.0868 -0.0734 -0.092 -0.0-23 -0.0235
0.7628 -0.0:39 -0.2099 -0.3111 -0.1228 -0.211.0 -0.0972 -0.001 0.060[1 -0.0591
0.8983 -0.045 -0.2268 -0.127 -0.1.0 -0.1.1. -0.106 -0.0867 -0.0652 -O.0b21
0.9600 -0.0593 -0.13 -0.212.1 -0.1323 -0.1224 -0. 029 -0.0819 -0.0575 -0.033-

AX/Rl 0.2S00 0.3000 0. 000 0. 5000 0.6000 0.7000 0.8000 0.9000 0.9500
li 2.IS60 1.1577 1.46 1.1063 1.0673 1.0202 0.9726 0.9252 0.8976

L.E. 2.3607 1.180 1.7200 1.8480 1.0S60 1.700 1.4800 1.0720 0.71.72
CHIRD 2.7213 2.9760 3.1&400 3.6960 3.7120 3.%800 2.9600 2.21410 2.93

CAMBER ISTRIIUTIIN
X/LT
0.0100 0.002 0.0036 0.0034 0.0035 0.0030 0.0024 0.0019 0.0011 0.0006
0.2000 0.0172 0.02S9 0.0250 0.02110 0.0209 0.0165 0.0126 0.0071. 0.0046
0.2000 0.0261 0.0393 0.036S 0.0349 0.0303 0.021.0 0.0183 0.0;1; 0.0071
0.3500 0.0301 0.0.5 0.0394 0.0377 0.0333 0.0248 0.0210 0.0232 0.0087
0.500 0.021.0 0.012 0.0268 0.0256 0.0240 0.0206 0.0177 0.0219 0.008S
0.6500 0.0098 0.0108 0.0023 0.002 0.0OSS 0.0076 0.0099 0.0083 0.0013
0.8000 -0.0083 -0.0202 -0.0296 -0.0219 -0.0188 -0.0092 -0.0006 0.0032 0.0052
0.9000 -0.0211 -0.01.27 -0.0531 -0.0505 -0.03Y0 -0.0220 -0.0086 -0.0007 0.0031.
0.9900 -0.0319 -0.0630 -0.07%5 -0.0712 -0.0S36 -0.033$ -0.0156 -0.000 0.0021

CAZiER RAII1
X/LT
0.0100 0.0009 0.0012 0.0010 0.0009 0.0008 0.0007 0.0006 0.0005 0.000%
0.1000 0.0063 0.0087 0.0073 0.006S 0.0056 0.00:7 0.0043S 0.0031
0.2000 0.0096 0.0232 0.0104 0.009, 0.0082 0.0069 0.0062 0.0052 0.001?
0.3500 0.01;2 0.0151 0.0225 0.0202 0.0090 0.0077 0.0072 0.0062 0.0058
0. 000 0.008 0.0215 0,0078 0.0069 0.0065 0.0059 0.0060 0.0056 0.0057
0.6500 0.0036 0.0036 0.0007 0.0007 0.O015 0.0022 0.0033 0.0039 0.0049
O.6000 -0.0031 -0.0067 -0.0086 -0.0015 -0.005 -0.0026 -0.0002 0.0025 0.0034
0.9000 -0.0077 -0.01%3 -0.0114 -0.0137 -0.0100 -0.0063 -0.0029 -0.0003 0.0023
0.9900 -0.0117 -0.0212 -0.0217 -0.0193 -0.01. -0.0096 -0.00S3 -0.0019 0.0014

NOTES: I. Calculation based on one blade only

2. Calculated camber In Inches
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TABLE 4
Calculated Induced Velocities and Camber Distributions for

Propeller 3916G, a = 0.2
CAMBER OISTRISUIIN PAPELLER 39164 A-4.2 XPLA6|-l2-416

INPUT DATA

I$ Card I (see ArladLz A for aaplmmatok)
0.0000 0.10009 2.00000150.00000 Card I
0.00GO0 0.01000 0.01 0.00.02600 0.03510 0.05000 0.07000 0.09600 0.12900 r"d 3
0.11000 0.22000 0.28000 0.35200 0.66000 0.5200 0.70900 0.9500 1.00000

8 9 0 9 0 0 0 20 CardS
0.01986 0.10166 0.2372% 0.%042* 0.59172 0.74276 0.89836 0.98016 Card6
*.01000 0.10000 0.20000 0.35000 0.50000 0.65000 0.80000 0.9000U 0.99000 Card 7
0.20000 0.30000 0.%0000 0.50000 0.60000 0.70000 0.80000 0.90000 1.00000 Card 8 r
0.1sOg0 0.18600 0.2;500 0 0.23200 0.21750 0.11S00 0.13%00 0.02000 Lj(r)ID
0.30600 0.31200 0.63000 0.66200 0.%6600 0.$300 0.37000 0.26S00 0.01000 Lt(r)/D
1.86210 1.22635 Q.90766 0.70429 0.54622 0.%6392 0.31698 0.32122 0.27960 t 0(r)
0. 0.01695 0.0221% 0.02371 0.02230 0.01883 0.01414 0.00656 0. I(r)
0.25000 0.30000 0.60000 0.50000 0.60000 0. 70000 0.80000 0.90000 0.95000 7o
1.00000 .00000 .:0000 1.00.000 1.001.00000 '.00000 1.00000 Varo)
0.14500 0.16902 0.20861 0.22173 0.206rS 0. 1661 . 1358% 0.05937 0.06500 ua(to)
0.16010 0.16676 0.16039 0.13706 0.10517 0.0763 0.0689 0.02767 0.01770 ut(r
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Card 8A C,()
0. -0. -0. -0. -0. -0. -0. -0. -0. A.(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. C(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A(r)

0. -0. -0. -0. -0. -0. -0. -0. -0. A3(r)
0. -0. -0. -0. -0, -0. -0. -0. -0. AA(r)
0. -0. 0. -0. -0. -0. -0. -0. -0. A3(r)

I 1.00000 0.82600 8.00000 1.00000 1.00000 0. Card 9

OJUPUT OATA

AXIAL INOUCID VILICITY C6NPINENT

00 RXIR 0.2500 0.3000 0.%000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500

!25 X/LT
25 0.0199 0.0585 0.1030 0.1267 0.1%96 0.1623 0.1666 0.1T96 0.1618 0.1501

0.1011 0.0285 0.011 0.055 0.0656 0.0720 0.0738 0.0776 0.0799 0.0847
S0:2372 0.0034 0.005 -0:0023 -0.002 0.0011 0.00%9 0.0120 0.0185 0.0267

0 0.083 -0.0148 -00297 -0.010331 -0.2099 -00479 -0.0609 -0.0309 -0.0193 -0.0055
"29 0.5917 -0.02S6 -0.0529 -0.0691 -0.0812 -0.0798 -0.0700 -0.0513 -0.060? -0.0215
79 0.7628 -0.0305 -0.0658 -0.0856 -0.1005 -0.0996 -0.0879 -0.073% -O.OSSO -0.0339-09 0.8983 -0.0308 -0.0699 -0.0918 -0.108 -0. 1072 -0.0941 -0.0165 -0.0585 -0.036126 0.9101 -0.0287 -0.0665 -0.0906 -0.1073 -0.1056 -0.0920 -0.074% -0.0517 -0.0282

TANGENTIAL INDUOIO VELOCITY COMPONENT

00 RX/k 0.2500 0.3000 0.4000 0.5000 0.6000 0.1000 0.8000 0.9000 0.9500
X/LT

02 0.0199 -0.1002 -0.13S5 -0.1186 -0.1055 -0.0907 -0.0762 -0.0669 -0.0S31 -0.0659
62 0.1017 -0.0526 -0.0699 -0.052 -0.0%77 -0.0412 -0.0365 -0.030% -0.0269 -0.0265
10 0.2372 -0.0088 -0.0097 -0.0004 -0.0001 -0.0021 -0.0035 -0.0058 -0.0073 -0.0008
11 0.6063 0.0251 0.0385 0.0393 0.0314 0.0258 0.0176 0.010% 0:0049 0.0001
S0.591 0.047 0.0704 0.0652 0.0570 0.0539 0.0308 0.0206 0.011i 0.0069

0.7620 0.056 0.0667 0.0795 0.0 0.056 0.035 0.0262 0,0162 0.0086
O.A943 0.0540 0.0901 0.0862 0.0750 0.0582 0.0612 0.0216 0. 0.0089

'16 O.90 0.0496 0.0.75 0.0623 0.0737 0.0570 0.0396 0.8261 0.01SO 0.006s

INOUGED OWNWASH DUE TO FIRST 8LADE 0 NLY

00 RX/Rs 0.2500 0.3000 0.6000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
X/LI

as 0.0199 0.1158 0.1701 0.1736 0.1831 0.1659 0.1832 0.1923 0.1703 0.1569
20 0.1017 0.0596 0.0865 0.0775 0.0811 0.430 0.0816 0.063% 0.0863 0.0887
50 0.2372 0.0092 0.0111 -0.0016 -0.0019 0.0020 0.0059 0.0133 0.0199 0.0262
01 0.6083 -0.0291 -0.0:85 -0.0583 -0.006 0 3 -0 0.32S 0.0199 -0.0053
35 0.5917 -0.0522 -0.080 -0.0956 -0.0992 -0.0910 -0.0765 -0.0608 -0.042% -0.0220
91 0.7628 -0.0621 :0.1088 -0.1169 -0.1226 -0.1133 -0.0959 -0.0779 -0.0573 -0.0369
21 0.6983 -0.0620 -0.1166 -0.1265 -0.1318 -0.1219 -0.1032 -0.0833 -0.0610 -0.0311

0.9"01 -0-0.1,Z6 -0.1302 -0.1200 -0.1002 -0.0786 -0.0538 -0.0209

00 AX/Al 0.2500 0.3000 0.000 0.5000 0.6000 0.7000 0.8000 0.9500
76 P/0 1.1560 1.157? 1.1626 1.1063 1.0673 1.0202 0.9T26 0.9252 0.8976
72 L.E. 1.3607 1.1880 1.7200 1.8480 1.8560 1.7%00 1.6800 1.0720 0.772
63 CHOaD 2.7213 2.9160 3.%400 3.6960 3.7120 3.4800 2.9600 2.1460 1.69b3

CAMIER OLSTRAIUTI N
X/LT

06 0.0100 0.0026 0.0037 0.0038 0.0036 0.0032 0.0026 0.0021 0.0012 0.0007
66 0.1000 0.0182 0.0267 0.0255 0.024S 0.0215 0.0116 0.0136 0.0081 0.0052
71 0.2000 0.0258 0.0316 0.0339 0.032% 0.0287 0.0233 0.0185 0.011S 0.007
81 0.3500 0.0257 0.0366 0.0295 0.0282 0.0261 0.0221 0.0167 0.0126 0.0087
8 0.5000 0.0165 0.0213 0.0119 0.015 0.0131 0.0134 0.0139 0.O Ok 0.0083
73 0.6500 0.0017 -0.0036 -0.0162 -0.0133 -0.0066 -0.0002 0.0057 0.0068 0.0011
51 0.8000 -0.0160 -0.03%% -0.0462 -0.0637 -0.0309 -0.0170 -0.00%6 0.0019 0.0051
56 0.9000 -0.0283 -0.0566 -0.0694 -0.0661 -0.0488 -0.0295 -0.0122 -0.0010 0.0036
21 0.9900 -0.0387 -0.076" -0.0904 -0.0164 -0.0451 -0.0407 -0.0190 -0.0049 0.0025

CAMBER RAT1I
X/LT

06 0.0100 0.0009 0.0013 0.0011 0.0010 0.0009 0.0007 0.000 0.0005 OO00S
I1 0. 1000 0.0067 0.0090 0.007k 0.0066 0.0058 O.OOSO 0.0046 0.0038 0.0035
61 0.2000 0.0095 0.0126 0.0098 0.0088 0.0077 0.0067 0.0062 0.005% 0.00%1
$8 0.3500 0.0095 0.0123 0.0086 0.0016 0.0070 0.0066 0.0063 0.000: 0.0058
$7 0.5000 0.0061 0.001 0.003 0.0031 0.0035 0.0039 0.0067 0.0069 0.0056
69 0.6500 0.0006 -0.0012 -0.0041 -0.0036 -0.0016 -0.0000 0.0019 0.0032 O.O0r
16 0.8000 -0.0059 -0.0115 -0 -0 0063 0.009 0O,01s 0.0009 0.0034
23 0.9000 -0.0106 -0.0190 -0.0202 -0.0179 -0.0131 -0.0085 -0.0061 -0.0008 0.0024
1 0.9900 -0.01%2 -0.025? -0.0263 -0.023% -0.0175 -0.0117 -0.006k -0.0023 0.0016

HOTES: 1. Calculation based on one blade only

2. Calculated camber In Inch
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TABLE 5

Calculated Camber Distributions for Propellers 3917A, 3917D,

3917E, 3917F, and 3917G
INPUT 0ATAt A Card I (&*a A"Ind.ix A for xPlanatt")

0.4*0100 0.10000 200•0035 00•000 Card 2
0.00500 0.01000 0.016•0 0.02400 03S1 *05000 0:07000 0.096000 0.12900 Card 3
0..170 0.000 0.8000 C.35q0 0.44000 0.5 5 0 0.70900 0. 9 0 1.00000

0 1 9 0 0 0 Card $
0.019: 0.10166 0:23724 0.40620 0.59371 0.76276 0.0903- 0.90014 d 6
0.0900 0.30000 0.20000 0.35000 0.000. .. 65000 0.000 0.90000 099000 Card
• *oo00..00 oo0•5011 •*o•••0000 0.00000 0.90000 h0o•0• Ca0 0 0
O.12. 0...20900 •0.6.00 0.2000 .27300 0,2260• 0.14900 0.03300-0.1100 Lj(r )0
0.30400 0.37200 0.43000 0.46200 0.46400 0.43500 0.37000 0.2600 0.04000 Lt )/D
h.5ll3 1.2235 0.90766 0.7029 0.562Z 0.46392 0.38069 0.32722 0.27960 tan 01(r)
0 0.0.695 0.02214 0.02371 0.02230 0.01103 0.01414 0.00856 0. r(r)
0.25000 0.0000 0.40000 0.50000 0.60000 0.70000 0.00000 090000 0.95000 V

o.00000 .00000 00 3.00000 h 0 I.00000 200•• 0000 3.00000 V1(ro)
0.150 0.316902 0.2001 0.2173 0.0.5 037661 0.1356 0.08937 0.06150 VAlo)
0•000.6.1 0 0.3603l 0.1370. 0.0bIS? 0.07463 0.04089 0.02767 0.01770 ut(f•)

00000 1.00000 h:00000 1.00000 13.00000 100000 •.00000 3.00000 1.0000 Cad A Cor
a. -0. -0. -0. -0. 0. -0. -0. -. b(r)

0. - . -0. - . -0. - . 0. -0. -0. ,(r)

6. -0. -0. -0. -0. -0. -0. -0. -0. Al(r)
0. -0. -0. - -0. -0. -0. -0. -0. A

2
(r)

0 -0. -0. -0. -0. -0. -0. -0. -0. A
3
(r)

1. -0. -0. -0. -0. -0. -0. -0. -0. 14(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. AS(r)

3.00000 0.82600 0.00000 1.00000 .00000 0. card 9

CANoOO RTI0 PSOPfLLER 391TA A.1.0
A-LT
0.010 0.0011 0.0012 0.0009 0.0008 0.0000 0.0007 0.00cr 0.0006 0.0005
0.3000 0.0049 0.00q0 0.01 0.0007 0:.04 0.0051 0.00. 0.0045 0.0038
0 .20000 0.0356 01 045 0.0003 00086 0.0000 0:.070 0.0075 00.13 0.0066
0.3500 0.0238 0.0197 0.0111 01.0•3 0.0097 0.099 00090 0.0102 0.009
005000 00303 002217 0.01 0.0095 000192 0.0103 00106 0.0320 0.0324
0.6500 0.•34 0.0206 0.0060 0.0065 00060 0.0092 0.030 0.019 •0.
0.0000 0.036 0.0166 0.003 0.0013 0.007 0.0067 0.009 0.0330 0.0150
0.9000 0.0361 0.0315 -02.0044 0*0J5 -0.03l 0.0042 0.007? 0.0126 0.0161
0•9•00 0.0334 0004 -0.0333 -0.0096 -0.00 0 0 00049 003 14 0.0356

CA"99M 0430 P66CPfLLER 39170 A-*.

OIL?
0.0010 •00032 0.003? 0.0009 0.0 0000 00 .*0 0.007 0.0006 0.0005
0*.000 0.00'. 0.093 000b2 0.0050 0.00: 5 0.005 0.0052 0.009 0 0.02
0.200 0.0166 0.0047 0.00 0. 0.00005 0 .0093 0 .0079 0.00709 0.003
0.3500 0.0252 0.0'. 0.0300 0.009. 0.0092 0.0099 0.0101 0.01 •0 0.10
0.5000 0.5314 0.0204 0.0079 0.0075 007 0.00 00.0127 0.03360.0500 0.0353 0.0379 0.0030 0.0033 0.0044 0.007 0.0099 0.0334 .0.350.8000 0.0355 0.00.0 -0.000 0.003 0.0076 0.0l 33 00167
0.9000 0.0326 0.0035 -0.0320 -0.0109 -0.0067 0.0006 0.0053 0 09 0.03660.900 0.0206 -0.0066 -0.0265 -037 -0.0323 -0.0013 0.0025 0.0305 0.0163

4.044 0.043• 0I] •. 0I3 •I 0' .00 4 .0044 0.0441 0.4400 0.0l47 0.0O04

*00440 O,0402 •* e 0.044'0 0000 0.0-0? 0 60 0.0114 00041 0 .06

0.9100 0.070 -0.0. 0 0.440 _0.0 0 .040 0. 0042 0 .0004s 0 .004 0.0.063

0,.0404oOM *.0k 103 0.043 0.00 4 0.0409 0.0609 •.0304 0.03y 10119

084444 0.0)66 0.03l -0.0040 -0.0030 0.0044 0.44 0.04,II6 0.0334 0. I147

0.0 * 4• 60234 0.0025 -4033 *-0.33 it - 00047 -l 0047 • 001 0.e009* 0.036
0047490.5J0 -'4.0343 -as• -0.O038 O.000I 0.000 0.0gi7

000O• 08*0 -003340 -0.0070l '0.0043 - •.030 41041 0.4407 0.00 0.00 O•J

C011 M 4 :::1.t 3O w ,10o

l0s 0.205 0.0

0.800 048430 0.040 0.4030 O004 0.0004I 0000000 001.
0. " * 04310 044 0.:::*go 04# 4.0914 .• t 004 0.000 0.0010
0.e~e44 0.0100 0310 .043 0.007 7 0.01 00 0.00l • 000 00009
0.0100 0.4070 0,00 0.60 0.000 0.0 4 0.0.00 007
0.1000 0.0237 0.03413 0.004 0.0000 0.0001 0.0070 0.0091 •.0300 0.0313

0.4004 0*42.A 0.060" -0.09 -0.0077 -0.0020 •.001 0.0000 0.0312 000.0440 000 •.0417 -4o013 -4.0072 -0. -0.0006 0.0034 0.00 0.030
$do*00 0"029" -0.0J936 -08107 -4.0040 -0.034 -0006.2 0013 00 0.034
0100 0800 .00 3•.3 -4.0)3 4 .0.0291 -4.0133 -0.00 -0.0030 0.0007 0.0103

CANS&I fAtII mu PELLCM 393I . A90.2
S/L'

0.300.000,6 0.03 0.0030 0.00300 0.00.10 0.003.0 0.003,0 0:0000 0:000?
0:.00 0.3 00011 0.2 0.000 0.00. 0 . 0.006 0.0066 0.005-F

0.3000 0.22 006 0:000 0.00o. 0.004 0.0005 000C 0.000 00J0.2400 0.02.3 0.3 0.01 0.03 0.0 0.07 0.0. .37 000.300 0.0211 0.0300 0.006'0 -0.003 -.0.00 .006 0.00,0 .009 0.034
0.50 0:0270 0.003 7 -0.0036 -0.035 -0. 002 0.00006 .0040 -030 e..05S

61000 0.0220 00. -0.000 -0.0236 -0.0.. - 000.2 (,.0016 P6.0006 0.05
0.9000 0.0236 -0.03,3 :0:03t- -0 .028!I .0.0100 -0.0007 -0006 .08 .:0356
0.9900 0.0172 -0.0230 -00379 -0.0240 -0.0245 -0.033. .0.0.21 0.007 6.0374

. . & culCatif based on oa bloT. only
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TABLE 6

Comparison of Ideal Angle of Attack,
Symmetrical and Skewed Blades, with Two-Dimensional Data

Radius r/I1 0.25 0.30 0.50 0.70 0.90 0.95

Lift Coefficient Cy 0.1.80 0.J93 0.156 0.100 0.060 0.040

Ideal angle of attack, de g a .1
a -- 0.8

two-dimensional 0.28 0.30 0.24 0.1.5 0.09 0.06

symmetrica] blade 0.29 0.50 0.46 0.24 0.07 0.02

skewed blade -1.60 0.31 1.06 0.23 -0.59 -0.90

a =0.6

two-dimensional 0.46 0.50 0.40 0.26 0.15 0.10

symetrical blade 0.52 0.92 0.83 0.42 0.10 -0.01

skewed blade -1.37 0.73 1.43 0.40 -0.55 -0.92

a =0.4

two-dimensional 0.62 0.67 0.54 0.35 0.20 0.14

synnetrical blade 0.69 1.26 1.14 0.57 0.12 -0.07

skewed bl.ade -1.15 1.07 1.75 0.57 -0.48 -0.91

a =0.2

two-dimensional, 0.75 0.80 0.65 0.42 0.25 0.17

symmetrical blade 0.83 1.51 J..38 0.69 0.1.4 -0.08

skewed blade -0.96 1.34 1.97 0.72 -0.41 -0.87
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TABLE 7
Calculated Induced Velocities and Camber Distributions for
Propeller 3916J, Chordwise Load Distribution Corresponding

to Angle of Attack
PR•PELLER 3916J ANGLE Of AITt.CK TERM ONLY XPLAII-12-65

IIMPUT CAVA
6 Card 1 (a*s Aey..d A to wlwA.tis)

0.00:00 0.10000 2.00000150.00000 Card 2
40:00 0:0000 0:01600 002400 0.0350 0.:5000 0.07000 0.09600 0.2900 card 3

0.17000 02200 0.2800• 0.31500 0.44000 0.55200 0.70900 0.9450 .0•00
a 9 0 9 0 0 0 0 -O CardS

0.03886 0:10166 0.23724 0.40828 0.54372 0.76276 0.89634 0.90014 Card 6
0.000 0. O000 0.20000 4.35000 0.5000 06500 0.80000 0.900 0.99000 Card 7
0.20000 0.30000 0.40000 0.50000 0.60000 0.70000 0.80000 0.90000 :.00000 Card r
.15400 0.18600 0.21500 0.23100 0.2 200 0.21750 0.150 00 . 0 2000 1j(r)D

0.30400 0.37200 0.43000 0.46206 0.46400 0.43500 0.3:000 0.26600 0.040 00(011
1.16110 1.22:35 0.90766 0.70429 0.5622 0.46392 0.36698 0.32722 0.27960 tam ()

0. 0.0605 0,02234 0.0271 0.02230 0.01483 0.03414 0 800858 0. r(r)
O.2S500 0.30000 0.40000 0.50000000 0.00 0.70000 0.00 0.90000 0.95000
1.80000 3.00000 :.000000 :.00000 :.0000 .00000 .000:: .00000 1.00000 .(r)
0.4000 0. 36902 0.20006 0.22173 0.2•?65 0.17661 0..304 0.06937 0.06500 U600)

0.36010 0:16678 016039 0:3704 0.30537 0.07483 0.04849 0.02767 0.01770 Ut(r
0. -0. -0. -0. -0. -0. -0. -0. -0 Card CoLA
0.36062 0.63662 0.63662 0.63662 0.63662 0.63662 0.63662 *4()

S -0. -0. -0. -0. -0. -0. -0.* -0. C(r)
0. -0. -0. -0. -0. -0. -0. -O. -0. *1(r)

. 0. 0. -0. -0. -0. -0. -0. 0. A2(r)

. 0. :0. -0. -0. -0. -0. -0. -0. Ad(r)
0. -0. -0. -0. -0. -0. -0. -O -0. M (72

O*. -0.00000O.0-0000O -0. -0. -0. A,3(r)

3 1.00000 0:026001600000 3.00000 e10000 0. Card 9

OuIUPVT DATA

AXIAL INOUCSO VELOCITY COMIONENT

8RX/0 0.2500 0.3000 0.4000 V.5000 3.6000 0.7000 0.8000 0.9000 0.9soo
S/L1

•O.0199 -0.0038 -0.0068 -0.0335 -0.0360 -0.0186 0.0067 0.0730 0.0880 0.138
0.07 -0*0127 -0.0226 -0.0403 -0.0550 -0.0503 -000 0.02 -0.070 0.0Oll
0.2372 7-0.0177 -00339 -0.0548 -0.0636 -0.0603 -0.0534 -0*0372 -0.0239 -0.014
0:4083 -0.0214 -0.0445 -0.0629 -0.0734 -0.070i -0.0605 -0.0465 -0.0303 -0.0113
0.5937 -0.0242 -0.0537 -0716 - 3 -. 07 -0.0702 -0.0553 -0.0368 -0.0158
0.7626 -0.0263 -:0 -0.0796 -0.0937 -0.0916 -0.0791 -0.0634 -0:0440 -0.0222
0.983 -0.0277 -0.0654 -0.0858 -0.1014 -0.0994 -0.0a62 -0.0693 -0.0466 -0.0259
0.9001 -0.0284 -0.06ye -0.0895 -0.1059 -0.1040 -0.0901 -0.0722 -0.0401 -0.0237

TANGENTIAL INOUCEO VELOCITY CO0PONCNT

05/O 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.5O0
K/LI

0.0399 -0.004; 0.0036 0.249 0.0210 0.0073 -000 -0 -0.0305 -0.0307 -00430

0.10 .13 e217 00.0399 0.0354 0.0254 0.0366 0.0078 0.0002 -0.0056
0.2372 0.028) 0.0432 0.0487 0.0429 0.03:9 0.025 0.0322 0.005 0.0010
0.4083 0.0373 0.0589 0.0579 0.0500 0.0384 0.0261 0.0160 0.0081 0.0014
0.5937 0.0429 •0008 0.0663 0.0586 0.0447 0.0306 0.0194 0.0103 0.0029

0.7421 0.&459 0.0780 0.0732 0.065, 0 0.0346 0.0224 0 0327 0.0047
3.863 9.Q:59 .9.0:33 0.078% 0.0899 0.0540 0.0374 0.0245 0.,342 0.005
1.6403 0.0472 0.0854 0.000 0.0727 0.0563 0.032 0.0255 n.0840 0.005

IOUCEO 003N40S CUE TO FIASt OLAOE ON.Y

RXIPR0 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
KILT
0.099 0.0012 -0.0055 -0.0435 -0.0415 -0.0396 0.0065 0.0791 0.0932 0.134
0.107 -0.019: :0.0336 -:.0624 -0.0653 -0.0562 :0.0;49 -0.0214 -0:0067 0:0:27
0.2372 -0.0334 -0.0549 -0.0733 -0.0767 -0.0682 0.05 -0.039, -0.022 -0.0303
0.4083 -0.0429 -0.0730 -0.0855 -0.0893 -0.0806 -0.0659 -0.0492 -0.033 -0.0332
0.5937 -0.0491 -0.08 -0.0976 -0.1023 -0.093 -0.0766 -0.0565 -0.0362 -0.030

0.7628 -0.0528 _0.0994 -0.082 -0.114 -0.1044 -0.063 -0.0672 -0.0456 -0.0226
0.8983 -0.0545 -0.1059 -0C.:0 -0.1232 -0.133 -0.0941 -0.0735 -0.0506 -0.0265

0.9801 -0.0550 -0.3091 -0.1206 -0.1285 -0.1182 -0.0982 -0.0765 -0.0501 -0.0241

21/0O 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 09500
6/0 3.8500 3.:577 3.1406 733063 3.0673 3.0202 0.9726 0.9252 0.8976
L.E* 1.3607 8.4800 3.7200 V..400 1.8560 3.7400 3.4800 t.020 0.7472
C;ORO 2.7213 2.9760 3.4400 3.6960 3.7120 3.4800 2.9600 2.3440 1.4943

CAK6ER 08STRCOUTICN
x/LI

0.0300 0.0001 0:00031 -0.0007 -0.06 -. 03 0.000 0.00:l 0:0000: 000
0.3000 -0.0014 -0.0033 -0.0095 -0.069 -0.0053 -0.008 0.0029 0.0029 0.0034
0.2000 -0.0065 -0.0336 -0.0222 -0.0230 -0.0:.6 -0.001 -00005 0.0039 0.0033
0*3600 -00370 -0.0290 -0.0437 -0.045 -0.0304 -0.007 -0.0061 -0.0003 0.0027

0.500 -0027 -0.056 -0:063 -0.0649 -0.0487 -0.0330 -0.013: -0:0032 0.020
0.6500 -0.0440 -0.076 -0.0957 -0.0910 -0.0693 -0.0449 -0.0233 -0.066 0.0010
0.0000 -0.0592 -. 1053 -0.3257 -0.3 90 -0.0920 -0.0603 -0.0301 -0.0105 -0.0002
0.9000 -0.0698 -0.3256 -0.47; -0.405 -00:85 -0.0715 -0.0368 -:035 -0.0032
0.9900 -0.0795 -0.3445 -0.673 -0. 600 -0.3240 -3.0823 -0.0430 -0.062 -0.002

CAR6ER RATIO

0.0100 0.000: 0.0000 -0:0002 -000 -0.0000 00 0•04 0.0004 00.05
0.1000 -0.001054 0*0023
0.2000 -0.0074 -0.003- -0 -0.0, -0.0035 -0.0023 -0.0002 0.0009 0.0022
0.3600 -0.0062 -0.0098 -0.0327 -0.082 -0.0082 -0.0054 -0.0023 -. 000 0.0082

0.35000 -0.0309 -0.0372 -0.0399 -0.0376 -0.03 -0.0089 -0.0044 -0.0035 0.003

0.650 0 0:0 62 0.0250 -0.02 78 -0 0246 -0.0 87 -0.0 29 - .00 73 -0.003 3 0.000

0.8:000 -0.02310 0. 354 -0.0365 -0.0324 -0:024 -0.03 3 -0.0802 -0.0049 -0.0001
0.9000 -0.025? -0.0422 -0.0428 -0.0380 -002 .0206 -0.024 -0063 *0•00•
0.9900 -- 0.0.8 -0.0486 -0.0433 -0.0334 -0.0236 -0.0145 -0.0076 -0.004

NOTES: 1. Calculatio based On one blade

2. Calculated camber in Ancha
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TABLE 8
Calculated Induced Velocities and Camber Distributions for

Propeller 3916K, Sinusoidal Chordwise Load Distribution
PIO1CLLER 39016K ST TERM OF SINE XPI.AII-12-651

INPUT DATA
10 Card 1 (@. ,ppad4lz A for uptlmautlon)

0.00500 0.10000 2&00000150.00000 CArd 2
4.00100 0.01000 0.01600 0*02400 0.03510 0.05000 0.07000 0.09600 0.12900 Cord 3
0.17000 0.22000 0.20000 0.35100 0.44000 0.55200 0.70900 0.94500 1.00000

• 9 0 9 0 0 a -0 -0 Car45

0.0190 0.1016: 0.23724 0.40820 0.51172 0.76276 0.09034 0.90004 Card 6
0.01000 0.10000 0.20000 0.35000 0.50000 0.65000 0.00000 0.90040 0.99000 Card 7
0.20000 0.30000 0.40000 0.50000 0.6C000 0.70000 0.00000 0.10000 1.00000 Card I r
0.18400 0.!0600 0.21500 0.23100 0.23200 0.21750 0.1i500 0.13400 0.02000 iL(r)/D
0.340400 0.37200 0.43000 0.46200 0.40400 0.43500 0.37000 0.2600 0.04000 Lt(r)/D
t.0610 1.22835 0.90766 U.70429 0.5t622 0.46392 0.38698 0.32722 0.27960 C08 ft(r)
0. 0.01695 0.02214 0.02371 0.02230 0.01883 0.01434 0.00056 0. r(r)
0.25000 0.30000 0.40000 0.50000 0.60000 0.70000 0.00000 0.90000 0.95000 ro
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 3.00000 1.00000 V2(r

0
)

0.14800 0.16902 0.20861 0.22371 0.20765 0.17661 0.13304 0.00937 0.06500 Us(ro)
0.16010 0.16670 0.10039 0.13704 0.10517 0.07483 0.04809 0.02767 0.01770 uC(r
0. -0. -0. -0. -o0. -0. -0. -0. -0. Card SA Cor
0. -0. -0. -0. -0. -0. -0. -Q. -0. A(r)
1.00400 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Cg(r)
1.27624 1.27324 1.27324 1.27324 1.27324 1.27324 1.27324 8.27324 1.27324 AI(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A

2
(r)

o. -o. -0. -0. -0. -0. -0. -0. -0. A3(r)
0. -0. -0. -0. -0. -0. -0. -0. -0. A4(r)
o. -0. -0 - -0. -0. -0. -0. -0. AS(r)

I 1.00000 0.02600 .O00000 .*00000 I.00000 0. Card

C$JNPWT OATA

AXIAL IAOUCIO VELOCITY COMPO"CNY

RX"iO 0.2000 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.9000 0.9500

I"LY
0.0199 0.0423 0.0%;0 0.1913 0.1316 0.1340 0.1263 0.3165 0.09064 0.0769
O41017 0.0359 0.0723 0.0900 0.1070 0.3095 0.1025 0.0930 0.0016 0.0692
0.1;72 0.0241 0.0403 0.0585 0.060 0.0699 0.0647 0.0592 0.0509 0.0412
044003 0.0085 0.0170 0.0201 0.0234 0.0230 0.021A 0.0190 0.0162 0.0122
0.5917 -0.0085 -0.0?0 -0.0201 -0.0234 -0.0238 -0.0210 -0.0198 -0.0162 -0.0122
0.7020 -0.0243 -0.0483 -0.0505 -0.065 -0*099 -0.0647 -0.0592 -0.0509 -0.0412
0.0913 -0.0359 -0.0723 -0.0900 -0.3070 -0.i095 -0.1025 -0.0930 -0.0016 -0.092
0.9001 -0.0423 -0.00860 -0.1113 -0.1316 -0.1346 -0.1263 -0.1165 -0.0964 -0.0769

TANGENTIAL INDUCEO VELOCITY COMPONENT

xX/AC 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.9000 0.9500
M.'LT

0.0199 -0.0736 -0.1121 -0.1026 -0.09 3 -0.0736 -0.0560 -0.0429 -0.0303 -0.0222
043037 -0.0439 -0.0956 -0.0840 -0.0750 -0.0004 -0.0457 -0.0347 -0.0257 -0.0201
041"72 -0.0441 -0.0650 -0.0557 -0.0400 -0.0391 -0.0292 -0.0221 -0.061 -0.0120
044003 -0.0150 -0.0231 -0.0194 -0.0169 -0.0134 -0.000 -0.0074 -0.0052 -0.0036
05917 0.0150 0.0231 0.0194 0.0169 0.0134 0.0100 0.0074 0.0052 0.0038
047420 0.0441 0.0650 0.0557 0.0480 0.0391 0.0292 0.0221 0.011 0.0120
0.0013 0.039 0.0958 0.0044 0.0750 0.0004 0.0457 0.0347 0.0257 8.0201
0443 0.0738 0.1121 0.3026 0.0913 0.0736 0.0580 0.0429 0.0303 0.0222

INDCE4 COWOASH DUE TO FIRST 3.AD ONLY

RX'RO 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.9000 0.9300

0.0199 0.0047 0.1413 0.1534 0.1602 0.1534 0.1301 0.3242 0.103 0.0000
0.L017 0.0731 0.1190 0.1242 0.1307 0.1250 0.1122 0.1000 0.0056 0.0720

0.2372 0.0501 0.0009 0.0008 0.0841 0.0000 0.0?0 0.0632 0.0534 0.0429
0.4003 0.0170 0.0286 0.0279 0.0200 0.0273 0.0240 0.0211 0.0171 0.0127
0.5917 -0.0370 -0.0286 -0.0279 -0.0280 -0.0273 -0.0240 -0.0211 -0.011 -0.0127
074208 -0.0501 -0.009 -0.0000 -0.0041 -0.0800 -0.0730 -0.0632 -0.0534 -0.0429
0.4003 -0.0731 -0.11908 -0.1242 -0.5307 -0.1250 -0.1122 -0.1000 -0.0856 -0.0720
0.940 -0.0847 -0.1413 -0.1514 -0.1602 -0.1534 -0.131 -0.1242 -0.03 -0.000

RX0/O 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.0000 0.9500
P/0 3.1560 1.1577 3.1406 t.1063 3.0673 1.020Z 0.9726 0.9252 0.0976
L.C. 1.3607 3.4080 1.7200 1.0400 1.0560 3.7400 1.4000 1.0720 0.7472
CCMOO 2.7233 2.9760 3.4400 3.6960 3.7120 3.4000 2.9600 2.1440 1.4943

CANDIER COZSftRIOTIO#.
X/Lor

0.0100 0.0017 0.0020 0.0030 0.0029 0.0024 0.0017 0.0012 0.0006 0.0803
0.1000 0.0150 0.0268 0.0267 0.0257 0.0233 0.0157 0.0106 0.0050 0.0031
0.2000 0.0285 0.0469 0.0472 0.0453 0.0375 0.0276 0.01086 0.0102 0.0096
0.3000 0.0413 0.0672 0.0660 0.0038 0.0520 0.0347 0.0281 0.0143 0.0077
0.000 0.0454 0.0741 0.0733 0.0699 0.0570 0.0423 0.0205 0.0155 0.0003
0.8100 0.0411 0.06:2 0.0460 0.0638 0.0521 0.0307 0.0261 0.0143 0.007?
0.4000 0.0285 0.04609 0.0472 0.045D 0.0375 0.0276 0.0106 0.0102 0.0058
0.9000 0.0150 0.02361 0.0267 0.0257 0.0213 0.0157 0.0106 0.0005 0.0031
0.9900 0.0017 0.0020 0.0030 0.0029 0.0024 0.0017 0.0012 0.0006 0.0003

CAREER R*3O

0.0100 0.0000 0.0030 0.0009 0.0000 0.0008 0.0005 0.0004 0.0003 0.0002
0.1000 0.0050 0.0080 0.0070 0.0070 0.0057 0.0045 0.0036 0.0027 0.0021
0.200 0,0 15 0.0157 0.0137 0.0323 0.001t 0.0079 0.0063 0.0040 0.0037
0.300 0.0151 0.0220 0.0394 0.0173 0.0142 0.0111 0.0001 0.006? 0.005*
0.8000 0.0167 0.0240 0.0213 0.0109 0.0158 0.0122 0.0096 0.0072 0.0056
0.1110 0.0151 0.022& 0.0194 0.0173 0.0142 0.0133 0.0000 0.0067 0.0052
0.040 0.0100 0.0157 0.0137 0.0123 0.0101 0.0079 0.0063 0.0040 0.0037
0.900 0.0050 0.0000 0.0070 0.0070 0.0057 0.0045 0.0036 0.0027 0.0021
O.9O0 0.0006 0.0010 0.0009 0.0008 0.0006 0.0005 0.0004 0.0003 0.0002

NOTES: 1. CaCUUM bed on one bde

2. Clkuued camber in Lnches
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TABLE 9
Calculated Induced Velocities and Camber Distribution for a

Rectangular Supercavitating Blade at Zero Cavitation Number

with Tulin-Burkhard 2-Term Chordwise Load Distribution
c1a408 DISTRIBUTION SUP-CAV TUA.N I-TeM SECT0 XPI.I-2- -69s
INPUT CAVA

COfd 1 (o4* AppoOz A for .. p1oa)
o0o000 0.30000 2.00000300.00000 Card 2

0.49000 0.00000 0.01.00 0.02400 0 .0320 0.0000 O.00000 0.00400 0.12900 Cart 3
0.17000 0.*000 0.14006 0.31200 0.4400 0.1200 0.10900 0.94500 1.00000

0 9 1 9 0 0 2 0 1 Card 5
0.0300 0.10100 0.23724 04011 0.0:1:: 0.1621 0.0:34 0.90104 Card 

0.01000 0.30000 0.20000 3 0.4c00 0.000 0.9000 0..000 Card
0.20000 0.30000 0.40000 0.50000 0.00000 0.00 0000 0.90000 1.00000 Card a r
0.05000 0o00000 0.05000 0.02000 0.09000 00 003000 0.05000 0.05000 Lj~r)/D

0.000 0.00000 0.30000 010000 0.0 000 0.00000 0.10000 0.30000 0.30000 34(r)/D
too (r)
r(r)

. -0 0. . -0. -0. -0. r

0.30l00 0.10000 0.0000 0.10000 0.0000 0.000 0 00.0000 0.I0000
0.2l800 0.3000 0.40000 0.20000 0.0000 0.10000 0.0000 0.90000 0.9.000 Ya(tO)
3.00000 h.00000 3.00000 3.00000 t.00000 h.00000 3.00000 3.00000 1.00000 u~o

0. -0. -0. -0. -0. -0. -00. -0. -0. C daN CoCr)~
0. -0. -0. -0. -0 0. -0. -0. -0: 0

(r)

0. -0. -0. -0. --0% -0. -0. 0 . 0 0 0 .0l0

0. -0. -0. -0. -0. -0. -0. -0. -0. Aj(r)

3.00000 3.00000 3.00000 1.00000 hO00000 1.00000 3.00000 3.00000 h.00000 A
2

(r)

3.27324 3.27324 3.21324 3.27324 3.27324 3.27324 3*21324 1.27334 3.27324 Aj(r)
A.(r)

A+(o)
0.03442-0.63400.40*3442-0*43042-0.464260.634662063602-06662-03662 Cord

0. -0. -0. -0. - 0. -0. -0. -0. -0.
0. -0. -0., -0. 0.0 -*0* -00 0-0. -0.

.. -0. -0. -0. -0. -0. -0. -0. -0.

1 .00000001000030.00000 0 00000 0.

OUTOOJT 0AT4

0u 10 BOUND CIRCULATION ON.Y

AXIA. I0UC0O VELOCITY CONPONEN4

02/00 0.200 0.3000 0.4000 0.000 0.6000 0.1000 0.8000 0.9000 0.9500

I/Li
000199 07295 0 10122 1.0014 1.0271 1.030 1.0269 3.0000 0.9141 0.7078
0.3037 0.9710 3.3132 3.2444 3.2100 3.20 0.2039 3.2080 1.19 3.0122

0.11 3.3760 1.3365 1.4340 1.4008 1.4410 1.4650 1.4460 :.3.9 :.2063
0.4003 3.0414 1.1093 1.2503 1.2153 1.2825 1.2009 1.2682 1.2310 1.0787

... 913 0.4414 0.5223 0.5529 0.5639 0.5622 0.5639 0.9601 0.*975 0.91;4
0. 0 -0.343 -0.5072 -0.502 -0.5930 -0-0 -0.!5842 -005930 -0.539 -0.494

O0403 -3.1 .4 .7341 -i.7990 -- 164 -1.0950 -1.0200 -3.I0971 -i7633 -I.5892

0.000 -2.4713 -2.5796 -3.0920 -2.7427 -2.5097 -2.5078 -2.2973 -2.2505 -2.0955

TAOCEVT3IL INDUCED VELOCITY COmpoNeki
01/0 0*5I 0.200 03000 0.4000 0.000 0.6000 0.7000 0.8000 0.4000 0.500

0/Li

00.5+9 0. 0. 0. *o 0. 0. 0. -0.
0.037 0. 0. 0 -0 -. -0.
0.213 0. 0. 0. 0. 0. .0. -0 -0. -0

0.4003 -0. -0. -0. 0. -0. .-0. 0. -0. -0.
0.1 -7 0. 0. -0. -0. 0 0.-0. -0.

0.760 -0 . 0 0 -0. -0. -0. -0.

0.0903 -0 0. -0 -0 -0. -0. -0. -0 00

0.9403 -0. 0. -0. -0. -0. -0. -0. -0. -0.

000021O OOINASH 00*1 TO Pins$1 SLADE Om1Y

02/00 0.2500 0.3000 0.4000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
2/Li

0 010: 0725 0.:6022 .0014 3.0277 1.0338 10269 1.0006 0.9343 0.7976
0.300? 0.9734 3.152 3.2446 3.2760 3.2003 3.2039 3.2600 .1 9 10322

0 2312 3.3744 3.3365 1.4340 3.4600 3.4680 0.4690 3.4400 3.3992 3.2063
0.4003 1.0634 3.093 3.2281 3.2?91 3.2025 02009 3.2002 1.2:30 10047
0$113- 0.4034 0.5221 0.5529 0.05619 0.5622 0.5639 0.5603 0.540? 09324

0.76.0 -0.5343 -0.5672 -0.53815 0.5930 1 05.905 -0045 -0.598 -0.109 -0*4594

0.9083 -3.0083 -1.737 -3.1990 -. 03164 -. :504 -10200 -1.0973 -3.7633 -1.492
0.901 - 3 -. 5706 -3.09120 2.7427 -2097 -2.070 -Z.2973 2.2509 520959

00/00 0:2500 0.3000 0:4000 0.5000 0.6000 .7000 0.8000 0.9000 0.9900

P/0 -0. 0. -0. -0 0. -0. 0. 0. -0.

Lo(. 0.5000 0.5000 0.500 0 000 05000 0.5000 0.5000

CHOA 1.0000 1.0000 1.0000 3.0000 h.000 000000 3.0000 3.0000 3.0000
CAPOOR03ISRIeUIIC8
0/Li

0.0100 0.0040 0:0093 0.001 0.0044 0.0030 0.0033 0.008 ':0023 0.00319

0.3000 0087 0.0617 0.0907 00020 0.0443 0.0306 0.0331 11.0277 0.0233

0.2000 0.1350 0.1-32 0.130 0.01132 0.0901 0.005 0.0747 0.06231 0.099
0.3500 0.2606 0.2722 0.2490 0.235 0.3033 0.15 9 0..400 0.11 0.0906
0.9000 0.361 0.)3"24 0.3 2 0.2590 0:2225 0.1950 0.3645 0.386

0.4500 0.4293 0.439? 0.3923 0.3376 0.2922 0.2590 0.2237 0.0.5 0.3607
0.4000 0.3937 0.4103 0.3672 0.3163 0.2741 0.2394 0.2090 0.75 0.124
C.9000 0.3003 0.320 0.2965 0.2500 0.220 0.3920 0.665 001427 0.1220

0.9900 0.1745 0.1000 0.767 0.3509 0.198 0..243 0.3069 0.0915 0.075

CAPIK8 R47I0

2/L7

0.000 0004 0.0053 0.0 0.0044 0.0038 0:0033 0:0020 0.00'3 00009
0.1000 0.050 0.0615 0.0507 0.030 0.0443 9.0306 0.0331 0.0271 0.0231
0.2000 0.1350 0.1432 00100 0.33 0001 0.0855 0.0747 0.0621 0.0519
0.300 0.2606 0.2722 0.2450 0.2115 0.3. 0.13599 0 .00 0.373 0.00

0.9000 0.3691 0.3024 0.3419 0.2904 0.2990 0.2225 0.190 0.3645 0.1306
0.000 0.421 0.4197 0.3923 0.3376 0.2922 0.2550 0.2237 0.1095 0.1607

0.0000 03937 0.4303 0.36712 0.3163 0.2741 0.2394 0.2090 00170 0.1524
0.000 0.3003 0.3265 0.2960 0.2550 0.2203 0.-998 0.1665 0.3427 0.220

0.400 0..175 0. 980 0.167 0.1590 0.3390 0.243 0.1069 0.0915 0.0115

CA82 0 0A70 709 SUP(RCAV¥TATING ,8L0t.0*IC./L7/AI
0.000 0.009 00053 00 0.0042 0.0037 0.0032 0.0026 0*0023 0.00139
0.3000 0 0:20 0.0649 0.0580 0.0200 0.0433 0.0310 0.0312 0.0279 0.0235
0.2000 0.o-60 0.273 0.331 0.0S6 0*0039 00713 0.0644 0*0946 0.046

0.3500 0.0104 0.1097 0.1679 0:3440 0.1244 0.007 0.065 0.0814 0.0693

0.2000 0.0a3 0 039 0.380 0.1949 0.3341 0.1172 0.1032 0.0085 0*0162

0o."0 0.1554 0.1631 0.1454 0.121 0.106 0.0930 0,0113 0.0722 0.06131

0. 0000 0.0540 0.060 0.0037 0.0526 0.0444 0.0397 0.0337 0.0297 0.0210
0.4000 -0.0~43 -01061. 0.070 -00.0213 -0.0193 -0.014% -0.0370 -0.0330 -00090
0.9900 0.3I 2 -0.1501 -0.3345 -0.1011 -0.0009 -0.0741 -0.04 -0.0 549 -0.0467
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TABLE 10
Calculated Induced Velocities and Camber Distribution for a
Rectangular Supercavitating Blade at Zero Cavitation Number

with Johnson 3-Term Chordwise Load Distribution
004&, $&OIOTOSO SUP14-CAV 10410005 3-1906 b9CTION XPLACS2. -5)

50 lrd I (ooS A".dto A for xoPlaation)
0.4001100 .0005.80 *"d 2

1.040 001000.110 .040 00 "000.0100 00700 0.09600 0.12v00 :Art 3
0.51"00 0.:#000 0.22000 0:..3.* .40.0 0.1520 0.70900 0.94500 1.0000

S 9 0a 0 3 0 5 ar
a~sO .00 0.00.00 .. 0000 0.6-3000 0.0 CA0 0.90000 0.99000 card 6

0.0500 0.00 0.0:031000 0.10000 0.61000 0.60000 0.90000 0.99000 Curd 7
0.2000 *.;::to0 0.40000 0s.100 0..60000... 0.70 05.0000 0.90000 1.00000 C&1d 1 r

0.5400 10400.000 0.000 0550 0 000 0.5000 0.0:00000 0.00000:

01"00 0.00 0.000 0.500 0.500 000 -0.500 0to00 MY)o

0.900030000 0.40000: 0.0000: :0.0 0.704000 0.10000 0:.0000 0.000 9
0.4"00 5.0000 1.00000 1.00000 5.00000 1.00000 1.00000 1.00000 1.00000

. . .. -0. -0.0 0. -. 0 -0. -0.

-- - --- -0. -0. -0. -0. -0

5.07224 1.8731-4 5.5713241 .2732 5.01oo- .*13.2 a 5.00104 5.102 :7324 AI(T

36 202 0. 36 2 0. 3"4 _0.630 03662 0.63462 30:63462 0:03662 0.63662 S)
0 -. -0 -0 -00 . . -0. -0. -. card 9
0. -0. -0. -0. -0. -0. -0. -0. -0.

5 50040 0.000050.00000 0. 1.00000 0.

AXIAL I%0.jC2* VOLOCITY CQOO.0I
a02/A0 0so0 0.3000 0.4000 0.5000 0.6000 0.7000 0.000 0.9000 0.9500

0.0500 0.34 0744 0.09 .04 0::693 0.72 0.10 0:1174 .:6054:
0.1000 0.3705 032 0.659 0.40 0.70 .01 0.705 0.171 040

0.00005 0.94 043 .707 0.006 0.045 0.0536 070 0.023 0.5771
0.2000: 5.006 5 .26&0 1. 3075 1.4206 1.4297 1.4300 5.4007 1.3531 1.1523
0.0400 1.4443 5.8430 5.92 1.9700 5.70 5.76 5975 1.0052 5.706

0.0400~~ 0AX9 .2 0.24 0.270 0...2 0.20 024 0204 .32

0.40 .. 04 5 -1.7393 -1.7607 -1.7027 -1.0360 -1.7939 -5.0177 -. 7020 -5.65
9.00 -4.3070G -4.2344 -3.0521 -4.0037 -4.0742 -6.55166 -4.91237 -4.0152 -. 02

YAN:kM ISOUGS00.500D..0LC572 CONPO4104T
X00 0.210 0 0 .3 000 0.4000 0.1000 0.6000 0.7000 0.0000 0.9000 0.9500

0"0 0 0. 0: . 0 . 0 . 0*.as" .0.0 0. 0..0. s.9-.
0.0404 0. 0. ~~~0. 0 0 0 0 . o

0.040 0. -0.: 0. 0.0.0 ..

0.400. 0 0. 0 00. 0 0 . 0.

0.600 . 0. .0 00. 0. 0. 0:
0.0 0 -. . 0 . 0.0 0. 0. 0.

0.090 0./N 3 0 0* : 0.5: 0.:: 0.70 0.80 0.90 0.90
55U0:40 00:07404 05.50I 70:577 .0 00.

00/00 ~ ~ ~ ~ ~ I~ 0:50:0:00 0.G0o1 0 0:.3 0 07 0 . 00 0 0 09 0

0.00 03765 .509 .. 90 .0077 0753 63 015 044
0.00 0.4942 0.0403 0.57 000 0.0141 0..0730 0.7905 0.7023 0.175

0.2000: t.0M86 1.2600 5.3507 50*60 5:4,97 5:.3300 5 .0 5.35t35 1.5523
0.0400 1:0443 5.0430 1.0 .000 5.7:3 5.72 5.51 .02 5.00

0.40 0.1"91 0.2542 0.23 0.21916 0.2:14 0.2070 0.2042 0.2674 0.335
0.00 -1..4 -7393 -57607 -5.7027 -5:0360 -5.:7939 -5:9577 -1:7029 -1.613k

0.005 -4.37 ! -4234 -302 -4037 -. 742 -Is**6 -437 -4.055 -3.0202

;0/a 0.2500 0:3000 0.4000 a.00 0.0000 0.7000 0.0000 0:9000 0.90
I/ 0. -0 0. 0 -0 0 . 0. -0.00

L.6. 0.10 J.5000 0.00 010 .00 050 .1000 0.Sfl00 0.5o0
,::00 5.000 500 000 01000 50 00 000 .00 5000 .00

C00040 105U7 006 1aa0 0 .00 1.00 100

0.0:00.047 0:0040 0::043 0,0039 0::03, 0:.0351 0:.027 0:1022 0:0050
0.500 0.310 0.00 0 .0370 0.033S1 009t 0.0 002 0-S70 0 04

000 0.0.01 0 .0739 0.0727 0:0655 0.057a 0.050S 0.0430 0.031: 0.0.73
0.200 0 .0463 0.5643 0."575 0.395 0.8225 0.5049 0.0926 " .00 0.09
04400 0.2 91 0.:3015 0,2943 0.25713 0.2240 0.5959 0.5750 0.05.2 0:.550

0.60 0.4752 04994 0.156 0.3956 0:3397 0.2970 0:.2597 0:2107 0.5040
0.0 0.157 0.00 0.5467 0.472 4 0 4094 0.57 0 Is540 0.25 0.27

0.90:05337 0.60 0:.5500 0 a45 00 03337 02152 .. 2465, 0:.72
0.90 03468 0.3930& 0.3720 0.3226 0.2770 0.2430 0 205.9 0.7 ..47

C0M~f wAT^O
0/LW

0.0 007 0:0048 .04 0.0039 0.003S ::00 0.0027 0:0022 0.05

0.00 0030 0.30 00370 0a33 0 .290 020 0.225 0.0570 054
0.00 0.00452 0.0739 0.072 0005 0.157 005 00430 0.0345 0:0273

0.2400 0.54"'3 0.1043 0.1?27 0.139 0.52251 0.0060 0.092 0a74 a0&0SS
0.9400 0.1156 .3 0.2943 0.2573 020 0.99 0.750o 0.4,2 ... 54

o..00452 049 .45. 0.39716 0.31397 0.27 ..15.7 0:.7 .. 00
0.40 0557 040 .5467 0.4724 0404 0.35 0.3140 0.2017 0.2270

0.0900S63 0a33 0.05 0504 0.4 0320 0:.337 0.2552 0.24750?2
0.90 0.3460 03930 0.312& 0.3226 0.270 0 a43 0.2059 .. 7.4 0:.407

CAUER00750C F00 SOOORCVTATSS0 OLAC.C~.t0/ASL
0.000 0.025 002 0.00 001 0.002 .0050.03 0.0053 005

0.0040 0.0334 .0039 0.363. 0.322 0.0205 0.020: 0.0253 0.05721 0.03
0.00 0509 0.5505s 0.105S 0.00 0.707 0.0075 0.16 .40 .402

0.2.00029 ..... 0.221. 0.54 05079 0:.1467 :015=16 :00093 0.002
0.0400 0.3:9S 0:.3797 0:3340 :1 0of0 0.T9 0.57 0.02 ..5..2 0..42

1.44 04303 0.40 .390 .34 0.2000 0.2150 0.2222 0.5900 0.5064

0.004 0.47 0.00 0552 0.05 0055 005 .0932 0.040so 0.042r
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TABLE ll
Calculated Induced Velocities and Camber Distribution for a

Rectangular Supercavitating Blade at Zero Cavitation Number

with Johnson 5-Term Chordwise Load Distribution
CAI006 oIStiOSI(TION SUP-CAV JOt#$ON S-TAK SECTION XPLAIZ-1 -65)
INPUT DATA

10 Card 1 (o.0 ApnteLx A for wmusatLtoit

0.00000 0.I0000 2.00000150.00000 CAL4 2
.0l00e0.03000 0.01600 0.00400 0.03510 0:05.000 ,0 .0900 0.12900 Cud 3

0.37000 0.28000 0...000 0.35200 044000 0.55200 0.70900 0.•4500 1.00000

9 9 I 9 0 0 5 0 3 C.TJ $
0.01000 0.0000 0.20000 0.35000 0.50000 0.65000 0.00000 0.90000 0.99000 C¢rd 6
0.03000 0.10000 0.20000 0.35000 0.50000 0.65000 0.00000 0.90000 0.99000 C"d I

0.000 0.30000 0.00000 0.50000 0.60000 0.70000 0.I0000 0.90000 1O.OO00 Cold 0
0.09000 ,oboo 0.000 o0 0.05000 0.05000 0*.050oo Lj(r)/
010000"0.10000 0.10000 010000 0:10000 0.000 0.0 10000L(r)/D
0. -0. -0. -0. -0. -0. .0. -0. .0. t10000

O*.3000 010000 0.0000.10000 0.30000 0.30000 0.0000 0.0000 0.30000 r(r)
0.21005 0.30000 0.40000 0.50000 0.00000 0.90000 0.95000

0000 h00000 00000000 .000.00000 3.00 05 .00000 (ro)
0. -0. -0. 0. -0. 0. -0. -0. -0. (o)
0. -0. -0. -- -0. --0. -0. -0. -0. -0. u1 (r•)

. -0. -0. -0 -0. -0. -0. -0. .0 Crd C(1

0. -0. -0. -0. -0. -0. -0. -0. -0. A(r)
3.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 100000 C()

1.17324 I1.7324 0.27324 3.27324 1. 27324 1.27324 3 2324 1.2732 4 1.2724 )AI()
A2 (r)
A3(r)

10.09704-1*9764:1.6976431.6976I."169764-1.69764-1.69764-1169764.69764 4()
3.09764 309704 1.9? 4 4*69704 1.69764 1.069764 1.69764 3.69764 3.69764 A3(r)

Cord 0

0.0840-0.04002-0.04002-0.0402-0:64002-0*04002-00402-0*840002-0.04602
0.01443 0.02440 0.429440 0.4244 0.42443 0.42441 0.a4441 0.42441 0.42441

O T 00000 0.0000010.00000 0. 1.00000 0.
OUOO9JT DATA

9UC T0 IOUNO CIRCULATION 0L4.Y

AXIL INOUCCO VELOCITY COMPONNT

00/0 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.9000 0.9500

JILT
0.0300 0.0746 0.8999 0.0825 0.9640 1:0072 1:0251 h.061 0.9307 0.531

1300 0.3110 0*.095 0.3394 0.3677 0.3946 0395 0.3974 0.306Z 0.23 A
0000 0.2456 0:.442 0.4606 0.512 0:5306 0:5395 0:5171 0.4370 0.3395

0.3500 0.090 06 00333 0.00 0.0929 1.9007 0.0035 0.7776 0.6543
0.5000 0.9747 3.1651 1.3031 1.3450 1.3716 .330 3.3622 3.2029 3.0941
0.6500 2.1630 2.4042 2.5337 2.5623 2.5605 2.5637 2.5695 2.5091 0.3036
00000 2.000 3.0290 3.1201 3.303 3.1361 3.3210 3.1278 3.0744 2.9716
.9000 0.146 0.2963 0.3171 0.2092 0.3091 0.2555 -0.0605 0.1047 0:2022

0.9900 -7.7472 -7.2058 -6.0994 -:.4664 -6.6463 -6.76T2 -6.6121 -6.7014 6.400

TAk6 6 TIAL INDU8CED VELOCITY CO"PO. NT
XR0a 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.0000 0.9000 0.9500

•0•100 . 0. 0.: 0. 0. 0. 0. 0. 0.
0.3000 0. 0. 0. 0. 0. 0. 0. 0. -0.
0.2000 0. 0. 0. 0. -0. -0. -0. 0. 0.

0So00 0. -0. -0. -0. 0. 0. 0. 0. 0.

00000 0. - 0 . 0. 0 . 0. 0. 0. 0
0.0600 0. -0. 0. 0. 0. 0. 0. 0. 0.

0.0000 0. -0. 0. 0. 0. 0. 0. 0. 0.
0.9000 0. -0. 0. 0. 0. 0. 0. 0. 0.
•*.9900 0. -0. 0. 0. 0. 0. 0. 0. 0.

IN UC1O OONWV AS N WEt TO rIS? 04.40 L Y 0. 0

00/0a 0.2500 0.3 000 04000 0.5000 0.6000 0.7foo 0.0000 0.9000 0.9500

0ILT

0.0100 0.6746 0.4999 0.025 0.9640 1.0072 3.0251 1.0003 0.9301 0.0534

0.lO00 0.1103 0.2095 0.3194 0.3677 0.3940 0.3952 0.3974 0.308 0.214

0.2000 0.235 0.344? 0.4606 0.5802 0.5306 0.5395 0.5171 0.430 0.3335

0.3000 0.590 0.6904 0.6331 0.006 0.0929 0.900? 0.0035 0.7778 0.0553

0.5000 0.9747 1.1651 .3071 1.3450 1.3716 1.3710 1.3622 .282g 1.0941

0.0000 2.1630 2.4042 2.5337 2.5623 2.5005 2.5037 2.5695 2.5091 .3036

0.0000 2.0000 3.0298 3.1281 31303 3.1361 3. 1.27 30744 2.9716
0.0000 0.10:6 0.2063 0.3070 0.2092 0.1091 0.255 -0.0605 0.3047 0.2022

0.9900 -7.7472 -7.2058 -6.0994 -6.4664 -6.6463 -6.7672 -6.012? -6.7614 .6.403.

00/00 0:2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.6000 0.9000 0.9500

P / O 0 . - 0 . 0 . 0 . - 0 .0 0 0 -0 . 0 .

L.E 0.5000 0.5000 0.5000 0.5000 0.5000 0.50 .0 0.5000

CO.CR h.0000 1.0400 3.0000 1.0000 3.0000 3.0000 3.0000 .000 1.000
CArtnP OISIOIIUTII'N
X/LT
0.0300 0.0069 0.0064 0.0052 0.0047 00043 0.0030 0:0033 0.0020 0.0024

0.000 0.0311 0.0322 0.0204 0.0276 0.0246 0.0223 0.0194 0.0151 0.0122

0.2000 0.0416 0.0400 0.046 0.0464 0.0421 0.0373 0.0325 0.0245 0.0187

0.3000 0.0060 0.098 0.105 0.0947 0.0043 0.074? 0.0643 0.0495 0.0304

0.000 0.3638 0.1060 0.3848 0.1678 0.1486 0.1309 0.1840 0.0099 0.0700

0*.500 0.3252 0.3532 0:3340 0.2964 0.2602 0.2290 0.2001 0.1646 0.1341

0.1000 0.6131 0.6305 0.5032 0.5063 0.441] 0.3073 0.3415 0.265 0.2451

0:9000 0.450 0.7690 0.6930 0.5996 0.5203 0.4573 03994 0.3426 0*.2962

0.9900 0.5423 0.5971 0.5663 0.40o 0.4146 0.3692 0.3124 0.2711 0* 330
CAWN ITIO
0/LT
8.0300 0.0069 0.0084 0.0052 0.0047 0:0043 0.0038 0.0033 0.00?6 0.0024
0.100 0.016 0.032 0.0 4 0.0276 0. 248 0.0823 0,0194 0.015 0.0a2

00000 0.0436 0.0400 0.0400 0.0464 0.04 0.0373 0.0325 0:0245 0.0107

0.3500 0.0066 0.0990 0.3035 990947 0.003 0.0747 0.0843 0.0495 0.0304

0.0000 0.83e 0.1060 0.3040 0.1670 0.146 0.3309 5.1040 0.0099 •0.000

0.6500 0.325a 0.3532 0.3340 0.2964 0.2602 0* 0 0.2001 0.3640 0. 1341

0.0000 0.0131 06385 0.5032 0.5063 0.4413 0.035? 0.34.5 0.2-05 0.2453
0.9000 0.7450 0.7090 0.6918 0.5996 0.5203 0.4571 0.3994 .3426 0.2902
09900 0.5423 0.5971 9.5603 0.4001 0.4306 0.3092 0.3324 0.2711 0.2330

COOOOR 06130 F•a SUrt;CAV56A63 0aI. 06(CN/LT) A9

0.000 0. 0.000 0.0037 0.0016 0.0014 0.0032 0.0009 0.0007
0.3000 0.0175 0.021 0.0213 0.0200 0.0304 0.0363 0.0839 0.0107 0.000
0.2000 0.05 0.0... 0.055 0.0.05 0.04 0.0372 0.0292 0.023

0:.360 0.3402 0.3624 0.1541 0.1359 0.1101 0.106 0.0915 0.0750 0.0013

000100 0*3305 0061 0.3149 0.2732 0.T730 0.200? 0.3036 0.1564 0.131

9.0600 0*5700 0.5021 00*.447 0.5000 0.306 0.2999 0.2502 0.0241

0.0700 0.7274 0.7387 0.8400 0.5306 0.4008 0.4231 0:36o4 0.312 0.2046

0.9000 0.6605 0.6022 0.60 0.5399 0.414 0.... 0.3330 0.297' 0.2642

0.0900 0.3764 0.4408 0.4349 0.3651 0.3062 0.2706 0.2207 O*1599 0.1763
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APPENDIX A

PREPARATION OF INPUT DATA

The input data are essentially identica. to those outlined in

Appendix B of Reference 2, with the following exceptions:

Revise

Card 5 Format 918

Column

1- 8 NKN

9-16 NCL

17-24 NCTR

25-32 KRN

33-40 NPT

41-48 KSP

49-56 NSIN Number of terms in sine series, M

57-64 LFCW Chordwise load factor, percent of chord from lead-
ing edge with uniform loading, a

Specify LFCW = ).O0 for a = 1.0 mean line uniform
loading

= 80 for a = 0.8 mean line, etc.

= 0 for all other cases.

65-72 NSC Control for supercavitating hydrofoil at zero
cavitation number

Specify NSC = 1 for two-dimensional supercavitatilg
case

= 0 for all other cases

Between Card 8 and Card 9 add;

Card 8A (8 cards) Format 9F8.5

At specified input radii of the first card of Card 8

1st card - C (r), coefficient of uniform loading term

Specify C = 1.0 for uniform (wholly or partially) chordwise loading0
= 0.0 for all other cases.

2nd card - A (r), coefficient for angle of attack term

Specify A = 0.0 for all cases with no angle of attack term

3rd card - C2 (r), control for sine series term
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Specify C, = 1.0 for loading with sine series term

= 0.0 for all other cases

4th card A1(r)

5th card A 2(r) )
6th card A 3 r) coefficients for sine series terms

7th card A 4(r)

8th card A 5(r)

Revise

Card 9 Format (M, 8F8.5)

Column

1- 8 NN

9-16 VM

17-24 AJ

25-32 DIA

33-40 SM

41-48 SW
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APPENDIX B

FORTRAN LISTING OF COMPUTER PROGRAM

The FORTRAN listing of the computer program follows. The computer

also uses the subroutine MATINV and the functions ASINF and ACOSF.
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